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lim CfMtui 9SUBM la <A« of tiie laipart&Qt sroRatio groaps cf 
JhtrbaMOM plants balasgiag to %b» faally X«blatae* MtfOr •p«el«» 
of gslHiS ••TV* Ml Japoriaist matui^ SOGUTM of «e3aa«ie«137 
Inportsat esseatlal oils* A parogrftomo of iain^oroitiit of six 
iApoiriaiit spseiss «f J2fiini v^** fi« filBBI* il« btiiltoiM • 
has bean initiated* l!l» parawst work foms a oajor peat of this 
prograaat vhioh inoladss Invastigations on a.orphologyf CGrtologf» 
floral biologf* bvssding bshafioar« ssperiswntal hCFbrldiaation, 
gsttstios o£ the Inheritanee a£ aajoar essential oil ocBpoaents etc* 
The naterial tor the poresent Investigation has bean a<)qnlr^ froB 
dlffearttit paHs of India as veil as tsim othsr ooontries like 
ftest i^rioa and Franee. 
u MflgBtel9gT n^ ffirtffXwi: 
Oanplite a<Hcphologieal deseriptions of all ths six speoies 
and theiy dlff arent Tarieties and xaoes Inoluded In the stody «ere 
n«ie« Fdlygntphs were dvaipi to show eextftin aorphologieml 
siailarities oar differesees betveaa speoies «s veil as betveen 
different varieties or rsees* 
On the basis of norpholQgioal distlnetness and basis 
olmaososA rcsadt>er, the six speoies InYestigfttod hicre been dlrldea 
into two seetionsy ^ ogid B, Seotion 4 eoaslsts of Q.. StmLmt 
fiL* baaiiisiai. j2« Miirtiriiig «»d g» Irlilliintfuhirlflni •BA seetion B 
eonsists of j^. m s t a i •>& £• g r i t l l t l l i Three ef the four 
•P»«JUM btloogliig to %bB first group are {rodaaSJUstly Imlmoocns 
amnaOo vbiXo tho iovaetb, vii«f fi* llllliinilt*^*'^*'"* ^ poripani*l 
nadovMiliml** l i tii» Mcond groap jQ« aai^ «tia» i s biomial or 
tritaaiai whil* ft* Fr*<^ f^f»Ajm i« » ptoran&lal imd«rHUirt£b* tbm 
Atoda of th« f Irat gvonp are biacfc, •Uipaoid and beeoi^ 
•nftilagiaoQa vtm v«U«d» whoreas in tfao aeeond group tbe^ «r« 
bgamiMhf glxS>o» or i»ibsI$it>«M and do not beoo« oaoilaglsoaa 
wim& u«&tcd* 
9 ^ ciytoletgical f iodingt also support tbio diviaioQ of tba 
six apaoias baaad on aorpbologir* SNi spaeiaa baloi::@iDs to tba 
firat group b&f x »18 and tboaa balonging to tba eacood (proap 
bava X •* 6 aa tba baaie ebroaoaoBa noaibera* 2ba prasaat 
lavaatigatioaa aa ^^21 ae tbe i^ ov&oaa x«porta OQ tba ebromosanta 
nta^ara in the geiua, leni a-jpport to the isresanaa o£ two baaia 
ehr'wotoma nnsibara 4a th« zmvm .QfJUfp. On tba basis t^  
ebronoaoma nnabiir and ItarroIogiaaX studies i t i s suggastad tint 
tba polyploid spa^aa in tba gaatja jQsJ^ sa ^^^ »o** prctoably 
oriilaatad aa allopolyploids. » is furtbar suggastad tfaat x • 8 
and X «12 ara aaeaadaxy baaio ebrontoaoM nuaiiera origliiatad 
fr«i aoM aneaatral spaclas witb x « 6 tbrougb anauplol^ jr ixk tba 
aasa of * « 8 »iid througb polyploiay in tha oaaa of x «12, 
On tha baala of tba IndlTidual ebroaosoiaa langtb, tba 
abroxoaaaas of th« apaalea tra eUstlflad into 8 groups. A, B 
and 0. Groop 4. bss laug abrooosoMa vitb tba laagtb of 8.0/tt 
and Sbtnra. Group B faaa sadltw tiaad ofroaosoMs vitb tba lengtb 
Uagtli lie JL«»^  wA iMlair. OMMIAI/ I6««t «iir«iat«M «v««iia 
ftr* fa M ^ of 6 or • Matij»l« 4tf i»i« la tlt« «§•• of S ^ M I M 
wliJt 9c • I t «i t&» iMslA « r^«Mt«M» iMMlbtr sr sa Mt« «r i or 
6 mailplii of tti^il «lv(iMMi»iit Sa iJMi mew ^ t^t ias «rlt]t 
s* yjiaiiiMffitifMia\tmimm^f^m. 
£iri& £r$«p «i;<i »^ ?« ctmtplsagmi i l i ^ tii^w l>i tin mm^ grcit^* 
U|M»tl«g of tfa» f l A f i i r t , Ut t t lMt i t f Jtit« or f l M t V Atlt* «»» 
vtriftl>l« £rt«i »|)i«JUMi to spMil«ii» aiw apMiitt i^ wiiMk 
mtlmtiM mmsBf •aora/» tJMi tlmmae* am tMrt l in i i * £te i^titAm 
btlaogimi %• t ^ fSr«t $twp «r« {)gr«liii(Sy««i« 2i tl» tcodaA 
AVdop tfet MMKRl ancst itt tlw £l«H«r« w%KM SIWMA 
tiMtXtiewaMly* 
2lki tiMtiiis gtKtlti«d tnwrfwriff^  Most pailiMitiaa tAitaMg^ 
• ^ £t* m l t M i l l I MwOwri iff tte group *!*« la wbitli tlw 
dl«M«twaM flC tl» wtiwra aeiuor* it%%bin « ftv aiinftct sftw %im 
•ptmim ^ th« tlm9Kt$ ^4 gooA atttf ai l tgr iMilf lag* & * 
c l i ^ t» fltsft ant %lm «^«st «C fr«[i»«ter«tdiag im msym 
spttiM ia iwiiirs i t mm db»mmA tJlit tixe flrois 1«t««iflg im 
ac*&m« fKTSM £r«i tpttiat to sptesss* ^ fi* I l lHinfl i i i l ir ' imi 
I I * j m t W I ffi9^ Qit imUllilllHBl p2Mtt dd n«« trmi^ hi^iMm 
la aslixrtft fht t«o ^ a ^ ^ n of £ • JMUI ^'^•t ^ * ^ « ^ 
e»«Mi dM n t «roM firt«^ aad i t 1@ itettfore miggtiiltd 
tfei^ l t^8« two wtff ^ S9|wrat«d lata t^d sidMipieits ^ 
«iivittl«8« £» ^ y m (^«@i) ^s^SAiamA mism fttmi^ thm tJbt 
«9 ii»1UL $B laW^ ^Mm' fp««i'}® isf^Xvi^ la tlia pp«t«at 
$iif»i^l8^l3B« Of t ^ tm Q» MVTtWni ^yp^9 fta^£«df K i t^ i 
eii&vl«i»l t9p» ^ » f «mS to l^lrldls* at«r» SYMI^ tten t&t 
«ltl«3> tjfpt* 
Vm d»t» «i laiMHrapMilf J4I metmukaii ladloit* (|ttlt« • 
•OB^ UoE •itwitiM* f i t Hillttr* £tt ^t«ialag vi«bi« l|rte-l<3« at 
«l»«imi •re^wMi «r« fowia to li« ^ » to cma or « •arfHttttioii «tf tiw 
ft} 0|£fti«mMi Sa fi«R«x fflrttititrft «f t l» ofwcSw 
ti) eiroMtowU. ftttrUiilr 
• ) Oanvllg rtwiiity and 
d) nir«iaioii«a intmiftitM 
r^sr* JUliM (^"M) s A* JMBa (^^M) m»d It* Itllmittlfiwrftn 
(^•98) mSi» amtMmn i^*^}* ttm rMi|ro«il irotstt SB tlMM 
««r« aB«Q««g{^ » Wm •»••£«• tan* dlff«rtaets ^ ttitir ftyX* 
loi^li «e^ vhffi tim tbffirt id l^tdl ei^ftlti i»«tr« is»i^ its a^d* pKrcntg 
t l^ «vo»M8 licm not «tMtaefia* 
tiem sQ^assttd to ht tte rtiisaa f sa? tins J^urtlaX «:» <^»^®t« 
t l» ^ppfwitly hwiitl^ t9^i& mmAit in «ra3i«t b«ttt«iit %i» 
spMiM of i i^ t»o iiet:l»ui «r« aaewl^ kHrvi to IM dot t# %b$ 
%m*mmti9 vmta%mm»9 of tiMi apMimi iirR»l,v«i jLa ti» ««••«• «md 
•«a b« %• to gtMtio gtovlUty* 
2a fvotiM vlnro tJio l^teld iOaatt iinro Ataiatd tat tiit 
•••aiiati vmfm wxf vmk md tfiod boforo at^iiilag Mtmrity, • « • 
plgraiolc«l«tl ii^2«a«a in tli« i^^M pUmtB mny ba tim oaitaa of 
failura* 
WitA r«gwr4 ta tJ» d«raa of ftrtiUtr* tiia imtarapaaifia 
iigrbriaa of oalHit tpealaa mn ba dlTldatf jiato two aatcforlaa 
i y i t i i •Iglit iatfirispitSf U Ig^i^s |iP^ii«iA csMbltttf mum 
tfcrtt 
St BrMMioat ^pKf»ti:3Q d MmlMta 
4* A!{!^ mwd dlTl«i» of tiBlYstliatt 
ftosetntSisg tte gwoi^ Ml«Uqiitilp« of tlia «piKii«s gtodtad* fte 
r«l«tlv« of fi* JMMI is on* of «ii» ijmr«iit»« BlaUtrljr i te 
yftfrlNg iNiJiftviav <tf ft* ip*«if^|f|f in^ ft* liirlitffnnffi 'HI* Bkam tittt 
£4 BlMMtMNit «f ft* ^«iit«Mff m9 km9%9gmm ^itk VHB H mA td %im 
H 9lmmamm» of ft* H K t a m Mitf«i^as tiMi »U«sKi37pi9li 
orif la of ft* imrliMimi iM WMII I tiMi tMt^plol^ A* |f«i:^Viiy mta 
ft* AUHi ti)€4 «T« tilt tuo j^ «gNmte* fte iiU«lwnj»l»id «rlgia 9f 
ft* AMEiMMI ^ « M^WMt mcgmimMlimi^ ptwmi I9 v«igratte«i«tig 
srftll«,l)l« 9»3L It nm^AM tmctbme «aof IrMttoi* Vork OR iimm 
Mptdtf l8 b»iag •antSflEa«d« 
Vte Mffid^ o£ tte prwrnt iixniibi0itiQD tef« i»pavt«Bt 
bctfiag on tJb« pltrXogMor aad iaprofiiMiit of tlM <?fl||inM vptoUs*-
i!orplio3.c«i«!al «tad dsrtologtoU. gtodiet kKfB fUOiS^ na«h Saf onwitioi 
of tftxoQCWto fiBd •vt^tlCR»xy lnti?«st* %iyQloeie»I g t n d ^ htm 
broogl^ out tlist t in original \mfi^ tiB^omtaom taxrimr for tt)« 
irhol* gams S^tim i s % ^ 6 Hid t^ )Q p?eMBt t i^ bs«lA waabn* s » 8 
)«ad X n iS «70 l^«3rlffld tt^r^igh iiti«niplol%- 9ia& poXjr^oidj* ^otlnr 
eifpiif&eant <t>8«rviit.tcm ent^ e ^oi^ is^ ttie pr«g«3t imrsstlpttion i s U» 
tm&me^ tc^mxds m T9&we%3^m la Xc^ x^ li of tte loc^ & and B typts 
of e^aroeoi^e la tiit l^rMs* ^ l/s ipvcfes^ Iy dlo® ia sami laUnjCtim 
etf tbt g«tM om^poUlag tbe eleromos i^^  eoat^sfttloQ prootss 
during aJLtoUo BStiittMMM* 
fte data on oroMiag and noiotlo paljring dC tte «lv<aio«aaM 
in t te Igrbrida pronrid* aomi algiiifiMSt iafomatioo «• to tbt 
S]it«milAtloB«ia]Ni of SiSlm «pt«im« 
TJMI pgraawttt i]rr«8tlga:bli» btB 9kom tJuft a taat atom of 
gaaatlo varialliUty ia ««ttiiab3« in tiai gaana SMimm A^d tiiat i t 
«aa iNi aaaeaaafuiajT utiilaad for iMpvoriag tlia aoltivatad apaalaa for 
%bmS» battar aaoaoiBiG utilisation* Stndiaa on tba i»liaritaaaa pattayn 
«f aoaa of tiia aaat iapoxtaat aaaantial o i l oo^poawnta lika »atJ«rX 
aitariaoXf aagaaoX, Xiaalaol, gwraniol, aitraiy aatl^rl aiaaaaata. 
ia tte &«^« fffluBa It&t n t^ b««n stu.iitil iriar %o tiw pr^iBit 
laVMtSfaiilai* 1ti« »a|3P Mstntisl aU «oa«tltiitiitt oC ilfiteW 
•pttlM «Qiiti£t (^  t«r|»at and itttw&«T pin* «9»i»«8s^« fti« 
liilt«pit«a«« of siisUar eta^pamit li« t>«fn aesi»«t«%t«4 to ^ 
eeiitr«Utd fey gtatt in • miilNT ^ ••iM»tift2. 9131 ^ D^ ntii lilE» 
JSlOltet i a n ^ (la^liitt*}. fpaalygtaa (l^ firta^w* ) am! MmUL. 
(gamwit)* 1^ £r«s@iit stti^t tte first 3i' Us Mad in tli« g«im« 
|2slmif iviflurijl^ di»l® tiitli Sam Msi« iiB<taPittt.wli£^  af tte 
UltNomtlMt^ jf mT*m» mmumtiMl oil esai|iarM:it«« if^ t^ Ms« « 
tilHll«rUI«s n^  tlw fiurXcNui nmpmm^u, 1 ^ gmivtlmi dutii ^i^i!»6 
fyoii titt i4««wit SxiniKtJgKtlaa «r« SatwrpmUA wlt& itw Ittlp cd? 
for ««ri«wi $mimm Vkm MtsHtLi MW»rii <^^A irtilTrtm- A|tft J^as 
ta «9lAltt tUtt vw^liai laktriteia*! af •«»• aoi^ iaiMdt xDm wHiyl 
•iKVicgl, a«y|fX «S«ii«Hita» « l tm» giMaiol* liaalaol and iiwploy. 
fha i«u*«r or {HNwJftlUtitt |VO|io«a4 la tbi« iwrvattgmtlaa «r« 
l^raly lypoitetlial tfna ia tJia jpraUaiaMr naiara af data at i)K«a«Kt 
•TalUbU and i t iw«dt twettmt eonf Inaiiflit. Vork on thtM 
sfptets Is b«iag «QBtlnMd« 
tim Msnlti of tte pr«atat innniibig&tlao ti«f« li^ MftflBt 
bearing on tli« stlg^ lasaQr and laprovunat cf tim S s i m apaolas*' 
Horpbologisal and cgrtologieal tftediafl Inve jriftli^ Nid miah iaf araatiaoi 
d? taxoDOBie and «v(^tloit»^ Intaraat* %f9fQl(SgJ.o&l tftodlM Iwva 
broug^ out that tl» origliml t^slfi ehrosgaoiia mm^ ber for tbrn 
vh!0%» gmm S^l^gm &f» s <=^  6 and tbe pB-esaat two basio mnibara x » 8 
audi K " i8 are d«*ti^ throogl^  mm.pl9i^ m& i^jrplol4f • ^otber 
s^if&^oit QbseTfat&OKi mt^ e <!^ l33g t»£te presffixt isiraatigatiaa i s t£» 
teM0Bi<^  toimxds m anduotiim la leagt^ of tbe lo:^ & and B typas 
9f eh70RO8«os in tte l:g^ rl)&s« B 1^  p^ dbsibl^  &m to goam iotarafiticsi 
of tiba g«ia« cmtroilli^ tBe etesmoscata em^mimtioa prcMsaaa 
during aitotio wrlapiHUM* 
tim data on oroaatng and natotlo pairing &t tte aJBraaoaonaa 
la tba i^brida prorida aona ai4paifieant infonsatioei a« to tin 
l&ta«M2*tiaaah&|Mi of filtei apt«lMii 
7ba fraaaat iBvastigatioi baa aboHa tbat « «ut atora of 
gaaatle varidiUity la «mlUd»l« ia tba gaana filiHyi m& tbat It 
«aa b« attoeatafully ntiliatd for Iniiroring tba euitivatad apotiaa for 
tiwir battar aapaonlo utUiaation. stndiaa an tba iabarltanaa pattam 
of aona of tba naat inportant oaaantial oil otrnponanta IDca mttbfX 
aba:ri«ol, angaaoXf linalaol, goraalol, altrai» Mti^ X ainnaaata, 
mmf^bm ate* «r« iMiag wUXItfi to impf^m mm «uIU«iit«« s^ttiw 
^ fltrlMl ««A tan !Mi> «tefil«ii typtii twfii INMB it«f»l9pt4« 
mi Hkm^tmB mt9 m^ ttm 4itf4Br«Rt «iaUtit«tf 9m»im 
W$ « •€• «oX24«ted & ^ tbss* i«l««t«3 lSm9 um.'^ s^» «ntt tim 
(4) £t JMMI <S»««t9 mm^nm typt } 
• Hw Vtfta 0U« «UU Ud,, BHiitat/ »»« K«4inl«» Irnmm IA^ « 
ApKct itm thnm ml^^looM giwrn for t r i t l «altit«,tiim, 
iOM liigiOjr prosiiliig scir wriRnti Icolfttad firoB %im Wg and fg 
••grf«fttl90t ^ tiw ittvtlsr £«rtll« Fj, lytoM af It* ft«mT!*nmf (Sii<^« 
eitcai %j)»} X !!• *^Mil£gBiB tmx** ^^byytmi (Jliia|8« mti^ri eilwricoX 
toiiBd to 1» liigiily tarasigir^ slite«i t>iM^  haw gtNid a l l yittX^ «M 
faigJUy d«sla»^l4» e9iiiblmt«4m» af «B;«atia3i, aj;>X e£aip<»i«ntt* Sat t ^ s t 
iraviasts aT« :>^ 3jf 38^ to iOii» £«vtil« aai tMrcf «r« ^t mty tit)» »«V4ir»i 
g«iUKrAtiaa» tltl«ir« MgiOy f«3rtil« «uid lim« Wt^i.*^ 'i,lJimB ^  ti&m 
prwltlss ip%» c^ ' t ^ »i9iit (is$«at£«l htmle %miim-^imtAS^ at* veH as 
guS£i«3iitea ti> t i« plsjit a^^ ia^ itafis vhQ m^ ism^rtakB tb& pip^^rmrm a? tJ^ 
iMpt<mma% of ^^mii spMiM* Tlii# :;ify»iibi^ati.cii « i i^ sagg@«tB t l» t 
tJt* Ofiteni Inrftt4l«r» »mi& mmgimr m mlt^yaM t^m^^h «(mslst;i% s^s 
(«} S^ nmfff«r <^  m im @tl«tttt^ ekometwrs Jtrt» am sptnit^a to 
Anotitfor l3!3r «roMiJbais« twtlc nrotiiirig av Mlcotiag mmraKants fros 
tite Fg* Ff t» lftt«r £«a«Aat:'niit of '. psrtiitUjr f«rtiXt 
iatwr^picifie iylKrldk* 
AXtJMjugAi tJ>a eiialaalaa aaaoaiatad i^itb Ummn ai^ proaaiwa appwur to 
be ill£fl«ait Inxt th«7 aora not unaur&OMialtla. 
STUDIES ON REPRODUCTION AND HYBRIDIZATION OF 
OCIMUM SPECIES WITH A VIEW TO IMPROVING 
THEIR QUALITY 
THESIS SUBMITTED TO THE ALIGARH MUSLIM UNIVERSITY 
FOR THE DEGREE OF 
D O C T O R O F P H I L O S O P H Y 
IN 
B O T A N Y 
19 74 
P. PUSHPANGADAN 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH. INDIA 
T1434 
\\^^-s 
-1 j^ji ^^ •^ s 
;;r..Kl'::::j: i9%-5'/ 
C£K f I ? 1 0 A f S 
f ^ is to certify tbttt tim tlMNiis •ntltl»a * 5iaiiM 
on rtiradttctlsn m& bjfbtSASauktxm of QaSMK »P»9it9 -^Ith m v%mi 
t o laprmnag limit qmiity " l« tte rooord of %oati fitio r«ite«eik 
««nrl«d sat ^ Hr* F* i|iali|wi^ (Aa«n mih» oar fttiwrT:jtian« »• 
*tt»th«r t t i t i i y tfeit a l l tlie (?4ta pr«si»at«« ia thi» <1i»»rt*ttian 
a»« fMtsi^  cai M» 3181 «ilis«r»ati3B«, aa^ no psrtSao tMraaS tets 
be«ii tiM^ In aiqr otJiw tf»»i« f » a d2.pl:a» t^ » dtgy««# 
ftrsfoator & TBn& aC t}» 33«py.iftii«Jit 
S'nii>U: 
U« aim Sdlf^Xf 
Soi4mtl«tt 
BtHiaiwii. E«)NNUr«fa iiilioratoicjf, 
(CoonoiX at SeiMtXiio « Jadustriftl 
Ckaai Roadi 
4ilM1I« fA»I, Iir> iA 
i i 
I havt p«ftt pl«ificr« to a«(kaotfl«dlgt j^r dMp M U M ot 
grfttltadt to Ito(tit8<3r Swaimt K ^ , Swd of tte Dtj>nrt»ttt o£ 
BoUqSf * E^^MA f!ii«al^ of S«1«I IM| Allsirh Hi»ai« Qslvcralty, 
Ailgcrit ft!^ Sr« ^* <• d«Mi» ^lttertlgt« BigiaaaX B«8«s:i»i& 
lAboratar f^t I m n fear tiuiix iciad gapMnrlsSant cr i t iw l gnldan^ 
And «af«Ulng itxtm^^ &»in^ t l» •at&sr* eaerso of tMo 
IJiinigtli^tiaR* fliB prosont wads v^nM not imire bstn p9Mil»^ 
l^t for t i» e:»gt«nt me^mugmmt and gcaflrons telp a? 
BpQf«9«Qir Htiyi^ Ktsi}* I i^ib to vem& tmm aor aost 
rofptftfoi grslitudtt to Ma for tim tsKsm* lij?9 B» H. ScSvti 
«&• a soiafeo of gr«it istplsrati^ imd ooantont «!ie^ :!onig6!i^ nt 
and fgr f»i t v«sp6crti^ X tlarakii aard aleo doa to his. 
% eront grvtltttdo in ASJIO dn« to Or* C. ¥, AtaXf !>« nV 
Uiraet^r and Soic3tif't«>ia«»Cliar|^ « Bi^ioo*! Ctsmreb tAbor< .tory, 
JaMm for provldli^ tlui f««illtlo» Mid f (^ l)i« )»«a iattrast 
la tilt |r«|pNwa of tM« trorlc* 
Z «n g^ratafal to tl» OST«otar and itaff ptrtloalarlar 
Ur* A* K* finrX«|f af 1 ^ ilulMDrl'j', Bogral Botaait Claydaa*^  liondaa 
for Jeioaiy oaoflanilag tin IdtntifXcattoa of aaaaflglHi 0p>f>«tet 
aa iftU. an for ttmix Imlptul aoiggaiitiOM* 
% alaatrait tlwika ara also daa to Brofaasor J* I * Martan* 
Uatarloo 9aiTar«lty, Ouiada far kiadXy anpplyiag tiw Medi 
i i i 
ot )itit Afrlcna tmm of j}« j^a^itmi fssr* ailJ^ Ull sM XI* JiUS* 
ft ! • also a gmiat pltMur* to aetoavlo^o a^" s^ratltodc to 
Or* V* lf*VMM«t aatf ^* 9* B* 3BSA» Bagiooal Htsi^ nrob &tbaratafy|» 
itmm for kindly otrrjiag sot tbe etitnlfiftl ftmOjrtls of ••sflstaal. 
oiia* Hr* a* E* Steppi aad ^* K* K* iMiarml. of B«giotml BMrnumh 
te,hm%tasfp Saami Mvo ostr^ dwS liKiir teip in trft«ii% worn 9hmiml 
UtmmVxf 00 •taoatial alXt* l|r ttiuilui ero also diui to tlwn* 
I Uik» tbls ^>portimi^ to a«k80irl»%« w tlbaaka to 
0r* 0* a* QrM>« UmAtOf in Botax^ ^ Alipirli Baalis Uaiv@?elt7» M%ir^ 
for M0 eivgr litipfQl si^ goflitiaBs* SNxo adcncurlio^goai^  ait^  aipctolatiarj 
are alff> m ^ to t^« B« A* SMSiq^^ ILt^ ixrori 1^* Msal tt^^ II»n« 
l««tiir«r| ^* iiionaja ^t««|iasEyna* EoBoiireb Astoeiate and 
^ * Qii^«ml 8i|a» Sooior Eo^ i^ treh I'sllonf of tie l^.^r^Mot of 
Botas^f Migari^  WtxMlim Q^var i^tiry iHSgarii SOT tbn^ oo»(^wratlcii 
and tnanasntblo iMilpa that thojr t^va «3Ct«sdad to s^ al%mya d&riag 
agr «ti^ at AlSptrh* 
S «Xto vitii to iBsraas igr olaeara tlmdkit to Slrl 0* F* 
SJurmi for towiog tlio aaj^ and «te^«»I i^raotaras toA to 
8l«i SiiRBti Saroop for taJtiJog tJia i)hotograpi»« 
Z Also wiMb to aOkaovladga i^ r aogl ainoora tliankK to ngr 
••U«N(«ii ^ * !*• t* Matlmn, Mr* B. B* aaia and Sat* B* U 
X«rai»aaa for tJwlr «»-^p«ratlon aad f « loflfclng aftar tte 
OKpirSamlal plaata during wf aJbaaaoi i t itmmm IShuka ava also 
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cytQ t^wBmonital mad lyrtogMittURX iRfMtli«tioiii bK9§ trn^ 
of t!m 1>l;lflgt«ti voskSxig m wriou* pnHilmm la tumaoBgr* 
diitrltetiflay •folstioa aitd terstdiag of plants* Zt mn 
Bal»a)tik (aaiSf iD47) «t)9 fIsmt aa<^ « STntbetie upprmeb 
•dsibikSiig ttxoKair* {d|ftog<i9g3c&|)tgr« e«e>lQer ana <i|ftQ f^fQ«tifaI 
^ t « for :Jte eliittiA OBzusprapMo «oitc oa tl« g«n«9 ^cisiy?* Siaet 
tJNm arrasr vorktrs !»«• Mnrtod out tiidlKr lainBstlg&tlcms ia m 
mu^m of plant gtitsm jrtsuAtliig f i tactwuiiiw XitflrEturs i^rta^l^ 
to tM« giai&iset* Stiliblat (]£62) aetplifit^ ti» Saportiaet of 
^7tas«E^tie« as aa ^Sadlspmanbl* wxof ^ iM-s/tmtlm tt» 
•vo3ittl«atKi^  ^yatbetij^* £i> i i« pMat br«««tcr e/t^ «Q«tJLe stmlimn 
imf9 piiMi! tl» widest emnmis^ of a l l ti» t<»lsi ia<te avail-i*)I« 
for Ma £.«d«rn l^ ytrrii!lsat:^ xaaRi pMiX«ai»«« Sl>«r« i» now lut Jjn»«!}«i 
wialti} of laior«Aticnt yMeli illustmtM tJ» imliw cxf «i3rtO|;«aatlml 
•tudiM ia i^ jrln'idl«ati$M« fi«tfirX^(ga of ao<}«ra c^ftoganttia taaMlqnae 
bmM aiM l^ad tfaa plant larawSvra to pita timSr i^britfSsatlwt prOj^ raffaa 
la a wnra smtianal wrmtr and aaablad tiiw to attala ti«lr ebjaatlvaa 
ia a abort tlat« MwiliwilaticMi of «hr(Moa»ae« knawi aa e^faroaoioaa 
an«Jaaariiig* or * icaatict angiaaariag* Sa saialag laarattiaB 
i^portaait matBE tha pUat te-Milara ia raaiat jriara* Sttartariatal 
aadi iattrflpa«lf i« m aiaa latargaoKrie aiibatitatlaiia of ahroaftsoatti 
with tht ala of p«rfaati% or trtaaimeria^ atalmbla almtaatara 
to viiitltatadl afMTlaa ar« nov vail knoiia* 4 «lte maiEa of acmoaaBla*, 
trlfoalMy aaltimalaa, aoauplalda and poSyplaidi laaittdlag 
«»piildSp3Loite $an now b«l% 9«tlw«lMtf naA ••••a«b2«d la « wid* 
rnnAicr adP «tXfimttd itlaaU sotik«« itftMity tmrlifi CMti^  toiMiMO^  
tcantOf potato and oottoa to Taunt m tm* Altlioogib • good iiiai^ «r off 
invMilgfttiaae c^  Uds typt Ms tMta imdo in asngr plaotit g«Manii 
ae oaoh iiark tas ova • ^taa fttirviod ont in tist g«sim fffirt-
1«I« l^ j^ Mm of tha ^ ppaaiitt itova t^agatitott 
Tim $mm» JW^nu i &'mXi;f ^ la taa ) ib ^la cdT tht lapftrlaat 
9mxm» of tiiacitlal oila* A btSaS $t,9mmt% of thtt SmgartKum of 
thia gatata ia glam la tl» 0003^ i^rl of thi» e'«|Star* Is vlav 
of thtly &tmt lapcfif^ iaoo UM a rish aatuo^ mxatm c^  maqjr 
aooiKmicaUy Utpoftaatt aegtatlai. oil 4^ (^ t^i»t^ »« i t wm ^ e i i ^ 
to ii»^Rrttl» a progsaaaa ^ impe&mmmt of SC^ M I t i t e i ^l^iM 
by «!ftog«>«tloal aad braadlag aat'^ odis £isf tlmiat liattor ntSllsatioa 
la ^3* Indagfexy* Altli^ sii^ i} aii^oiiaifa ^ittss^tnra tm t ^ alia da»i 
and plnmaaolaKiaKl iatagtlipitioas la amilalblay thtra la hirdJy 
aiQr lafor«»tloa ragecrdiag tiba tsrtotaacsMagrt cortogaiHitlas cor 
teaadlag atpoate of tl:il« gamut* SSaot i t 1« pcopo^&i to vmoFf oat 
a Itt^ faoga prograffiM of igr^Jbaiiatiga i^lili a vlaa to avoiding 
na» «tid iMora uMtfal fwrlatiaa or aultiwra of ffffjipm apaai»a» i t 
baoaat aaaMtuey to ^ toat Ifaaia Savaalifatiano raipNNIiag tlnlar 
taxoMMirf igrtalogjr* fa^ ianii Hialagi't Inraadiog bahiTiottr aad gaaotlaa* 
C j^rtotaxaaoaiaftl lafaitigaiiooo iiora «Hnrlad oat ta alaar wp tta 
aoafttaiaa rogurdiag tba doaarattlon of mmm i^aiaa moA muriatlat* 
A gockl <laaX of iBoli aeafaaioa atiota la tha ganaa flftim aoFaalally 
ia tim opaalat Uka jQ* MUU» fl* ^•iii*M» and j3>« mrlHHIH-
INurinits my help to eimep vip tl^it eonfusl^. i3tt0% im attwu^t l« 
fewlag Mtf« imx^ in ti4l jpr^ AStait uorlc* A «»i^ ;jX«t« ^fUtBtesilt alt ttit 
tmrnplioiA £ • (ftiiffTlfWffflli ^^ rcm i t t 3i»p««(«d psunaiti iS« JUSM 
(diploid) mSi j3« bnaiiijaai (tfttrApIoM) Ms hmm «ee«KpUaMi* 
Aiiethsr iB^ pftsrlsai} saijaet o£ t ^ ixi^Ktt JjuveftSsiitlksm DAS t o 
iitya/ iiit i^ttlfi g u t t l e priael|>3jt« i£rrdIv«S ia ti^ JbEii«rilsiut«ii of 
SQMti of tilt ^^ (^ar wmmtSml o i l cowpaMBitg* A kn«rlii%« of t ^ 
inl^rltaitw patttrii of Urn MMritiAl o i l eoiQ[4inaatla i t ma 
• i s ta t la l OH mmpmm?n from em vpseitiB to lisott i^f? in iln brsi^isg 
g«nii« jBllHi RS'I to oorroXats t^^^ filtl^ U^ gtumtlet of •aiMiatiAl. 
o i l ooa«littMnts and tho inro2;atii^ a.M tfge^oogr 9t thim em^iiMx gonug, 
^•^ liWHfrtMl— of OOllWai «P0010^ 
8M» i^portoaoo of tim goau« Ibdjiui ^^^ in tho f^ei. t i«t ncNit 
of i t s MHlNHri jriold fwriaiw tjrpvt af ofottOAlwIIj ia^portiuit oUo* 
XNi mimntia^ oile sro dlfforont txom tmt'^y oil* in ^wii^ hIgJUjr 
volatlLo oad aroMitio* ttoM o lU hattt K muiiw of «ttr««eim 
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attribuUat »v»h as plMMJtt oAom of an appctlslag flRTaur* Oftaa 
aoeonpRaoriag tfatta fMturaa i s an ability to act as a oaxmiintiva 
and at an antitpatlo or antipntrasmnt* Host of tin oilA obtainad 
froB jQsyHi spacKles possess aore tAui (me of thssa propsriiiss* 
Thslr {tlsasant odotv and Mgfa irolatiilty ars tstiliasd in aaqy 
ia<tostrie8 like ths saanufaotctrs of p«:i!aM8» i^aps and eosBstlos 
as wsU as in Bsdlcine and food ad t^uicts* 3y tha turn of tha 19th 
esntmy vima tb§ ehsMstx^ of torpsnas was first iavas&%ated» 
tha ohsrlcal catnrs of volatila oils also beoasa knotm* Son ws 
knosii that tli® s^st isportant eoastitn^nts of sssnstial oils ara 
tarpsnes, u h^Qh, although imving littla or no smll tl»EiMlvas 
act as csasrriars for tho aromtlo sohstancas. tbm ^>st isportant 
arosatie m&a^tsnms raitortad fros PffjUsaa; spaeies are eaaphoTf 
olnaolej cjltml, oitroaellol, citroaeilal, attsmol, ^craniol, 
Xinalool, 11*^ 1 acstate, BEJtl^ l cla,Ticol, :J3t^l dnsasata, terpinese, 
thfsola artio* Of thaaa ^si|;b3rt citroaallal, mimnol, g^raai^, 
linal3sl» ft^tl^l cl»«icol> th/tcoX ato» are highly vstluad* 
Caaphor iias got ditarsa applimtioaa In m&f indastriea and 
aadioina* It it vsad in tim ^xinfaeture of eaj.luioia» and varioas 
other nitoooslluloia oajspoonis* lie^afditig i t s osdielaaX 
api<licati%ts tha British aad Indian Hnrmooposias cistioriba that 
oaaphor hks antij^itioa esdntinatiw ana eouatar* inritant 
inropartiss aM tutad in ths praFiratiaa of aususiiatsd caaphary 
testphor \iax>.>if tuMpbor 4.-x'.'rfteatt miaphonixed tlnotma 9f^im sto* 
It ia axao vsad in farious daatal and orax jaraparation* QJAMBK 
spsoias lika jQfiUttl ItXl krf^rff¥^^1V "^*d J2« OOSIM halai riett ia 
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imtumX mmsAkOt attm«t«d thm att«nti«i M a sourca of cain^ hor 
••ptciaUij <)ttrlrig M«t»ad i^rH nvr idb«n tJMmi INM aft Mulw »fi«rlai« 
of fwBpfuir* Onrlag tMt t5a» JEf* l l j lBir!lt#«r^flPft iKi« iHfen^Md 
laid la^la fros Uitgrm »niA msfrnfimmttki «altii«tioa IIMI «BiMrtiiJi«t 
i» vurJUnt icrtiui* JbitoQnigiag rwniXta ii«r« fptsetttA fxroai 0«JP«{ 
tfMt Bcagftlf MtbunifitlM} l(ra«rt| itutrMf tmeniM ma& jrttM«i« 1% Is 
• i U l ciraifa MMHMatfttUy la Eingo bUlM mii. I3^  tnsal ( lalteptiHv 
Fttr«8t Oivisiai) la 9«»t Svog*!* Ai^» tlmmie$ ukm %im flsppSy 
of «i»i)J«ir m» tmi^amA amd mOiUimt igr»tJ»tJUi iK«i>hai> ttocaiHi 
•Milsr ciaUa!^9 t i» i^w^^etloa of ttwi^Nxr txvm tfcii pjiutt wna 
itojppid 11)1 i t ms foma to bt itfli •ioitoKleRl da* to tb» i^ oor 
yl t ld of tt« OS3L» If the ylAl:! of o i l AUS aiiiiphsn> «nit«at i t 
«ontM«i«W laoNi^^^ ti^ titleetim asia Inrci^li^ msthmmf i t aiy 
^ poflifbXo to prodtuw ebtftp esis^ t^ i* frm th9 i|)««l«i« A««»^ai^ 
to Qmnayti aaA S^deatnm (1.91®) # tN» ftiltimitSm of the x^ am^ w^tt 
mtmtmX tonrM of «ftirjli9!r« gy^ nftTfffflff »«"fa«iy ( mw^im: tro*}» h«t 
got « ^ aigilHnuKtAgos* 1% xmmixmn aovoml ^MRden la mtbtyofiiml. 
eXSante to fimU tim mm^^tmt* do» t h ^ nwmm^M. tim imiimmm* 
«iaphop tHwrlag p3«fitt Xlko jj* JUBBI <n^ fi« IIMffTTnlm'irlflMI ^ ^ 
tiw lanHli^ifln of •ui^ior to awit tbt mmt iMVtmuia^ ixAvmtrimX 
doaMidt* 
Otlwr li^ortiuit •wMBtlal oU ooagtitiitnt* tibtftiaod f m , 
•potlM tcro mtbfX •bmrlMAy «iig«tt«2.» limlooX* goraalol mA UnftXyl 
mootfttt vhleb «ro of high vOnt la pmetvtmtf weA togMtlo laciiigtrl«8* 
thoio oiXt «ro alJHi aaod M fIcfowlag aginte for oonfootlewaqry 
1»lt«4 fooda, 9m%mipB$ %am%9 |)aat««» plakUa^ faa^r yriMgutif 
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Aytrt if9m tX» flairoariAg mi pmetvamry mlim sptelMi of SH^IHB 
Ijt t l« iniijgtasiui 3(ffst«a« oS miAi»im of omaflrlrlA* XS3G» Afri<»f 
gwwnrnl tm$M J^ isr li^ itl'^ ^ isi^ vife&lity* 6^it fpselai of jj^ Haosg ««e« 
liOft^lMii }^ fii^das In S^lft em tet timie mmUmnt atdieSml mlms 
isk sftVfag kintm Hvitt Sr^t t}:« sl»ti«k of diMttc«s» Bv^nt ol.-«:idlfliX 
and pli£3*j%^I^I«id i!%ftstifi%t5aaa In tb^m M'^mvim bsm ir»t««ltd 
tlhat tl^i^ ^^ieitiai mls^^ 4s dot to tl» m^Sms^Sx, antili«e%«rlai, 
ti^Sv «gstatlsl QlXf« Sst tlb9 atdielaitl i^ Ofnatids! of apeeiis Hloe 
J2* iifi^o^ tteeordlag to G3%;p3ti (iSSt)^ my !^ ^ « to t l» -^ammflo 
& Y1)I« 8f tht lM|i«rte»«t of tilt gtnus at d«a«rllMi nlbcnm at utXl 
at t l» tairtfc t i«t w^xy i i t i l a ^grt^mttliaX and birttdii% wor)c iiat bttn 
dcHHi oa tteat plaatt* ta InttttSiatioB cm egrtoftnttitty 
^tol4laati<Mi tad igrattaitis aC atii tptaiat la tim gmvm S^tiBM vit^ a 
vSaif ta molwiag mmt aad aara ttttful vnrlatlaa hat hmm aicrlad ant* 
UMI aratvXt of tiila noirlc Is lorttwatad la tl«t f ellcnriag aiaj^rt* 
Chaptcar 2 
Ootwm ( d«ariTQd froi>i tbe oM Qrmk ran% Okiaoa ustd 
by Ihttophrafltus )» soiwtiBas spalt aa OcymaB. is a tropioal 
genus of herbae«ottO pilante beloaoing to the fami3j Xabiatae* 
the geaue JAolodeB mxff eoonci&itiaLi^  lapoxtant plants whidx 
find various uses in inedloiae or are the sotirce of Saportant 
esMntial oils used in j^fusierjr* &e oain mvi^oXosXe».l 
features of tiie genus p?i%B^  aro described belowt-
She plants ore predoninantly herbs, slmibs or 
uMer^ h^robSy annual or perennial in h^ i t . &eisr possess 
glandular haire or sessite gla.rg!iB secreting stroi^]jr scented 
foXatlle oils* Ihe sasU la variable dependjjig on the genes 
controlling the biogenetio pathways of essential oi l in these 
plants* Ihe plants are usually naeb brandied* She glandul&r 
hairs me^ be present on the stem, leaves and inflorescence. 
Stens and tvigs are usually quadrangular* Toung tvigs are either 
greenish, pnrplidix or brownish in colour* &e erstipulate leaves 
are vumally <^ ppasite and decussately. Sie leaves are pii^ley 
petiolate, ovate or subovate vitb serrate or entire oargin* 
Flowers are snail, 6-10 flowers arranged in lixorls on a spioate 
or racefiK>se inflorescenee. Bracts are axKall, petlolate or 
sessile* Fedicels are carved. Flowers are rataax uulforB in 
appearance throoi^ottt the group, Shey are herDaphrodite, 
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argOBorpMo and oc«pldt« with tbo g«n«ral forimla «!• ^5}ci(6)A^(2}, 
0»l7x ahapa la quite oharaeterlstio to the genus vhieh aff ordg 
i t e generic significance* The sepals are fused to form an -void 
or oampanulate ttibe* defluxed in fruit* Upper tooth of the calyx 
tube broadest, deeinrrent, two lower aouminate and usually with 
4 BMoronate teeth, Xhe oyiBpetalotis oorolla i s bilabiate which 
i s oharacterictlc of the family labiatae as a whole* The tube 
i s short, not aimmlate within, upper l ip stibsequently 4 • f id, 
lover hardly longer than upper, deolinate, exserted, flat or 
nearly so* 7he aestivation i s iiiSiricate. Stanene 4 didtynamous, 
deolinate, filaoente free or the 1<»/^ pair connate below, naked 
or the upper toothed or hairy below* The anther cells are 
confluent* The disc i s entire or 3-4 loSied* Xbe gynoeolum 
i s superior and bicarpellaxy* Zhe ovary i s 4 - celled with one 
OTule in each cell* The style i s gjmobasio* The frtiit consists 
of four 1 » seeded nutlets enclosed in the enlarged sw]zi>raneous, 
strongly veined recurved calyx* fba seeds oibglobose or 
ellipsoid in shape and are mostly mucilaginous when wetted* The 
seeds are nonendospcrmio or have very l i t t l e endosperm* the 
eabryo i s straight and the cotyledons are usually flat* 
2«8 Qeographio distribution of the genus ncianm 
Piiytogeographieal distribution of the species of Qoiana 
has not received any attenticm so far* Our present knowledge about 
the g90gnphi.o distributi(si of this genus consists of fragnsntary 
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•aA wtttgr mpoirtt from t N w^L^u* timttm luxl frra tlM irMwrAs 
of th« Inliac tmtmmis maA i t s miiplmwiitty iibi«ii Vigigtcr tlui 
a«Mt of qpMiM %fith ttuMwort loeality of ooUocrtitn «ie« finm 
tint to t iat . But * stHdar involving ^rttanitio tad diftonod 
QTtoftMtio SwnHitiffttiot) of ^« gi^ ttfl dosnadf • orit^aX wormy 
«• wOUt «• «a mmmmuA ot asm vbol» gozms vi&k ris«rd» to i t s 
ifovld diiiferltottilflii* 4 eritie«l tttd? of t3m googntiMefti 
dlikriliatioa of tho goaoa viH ofonttiftUar fMlp no to MSOSS tlio 
goa«»» hoHoUbqor of ixAigmaoM and CBotie eoUytotiooa c£ eoXtimtad 
•INNBiot of llfilm •» mH M ovoIsxticKBuegr timioaoitt mA 
phg^ lxKpRittit 7«latiaBiriil|»i aisong difformt iq^eiot* 
9i« g«enio illiUaBi i»o3ndo8 mssm tiim liK) i^ Mtmi 
( lliUi«t 1966 ) distvUmtod in iim larapiMl azid iiiil>trop&eftl 
ragioat Qt tlw iiarld nad froa soa 2«fal to 6000 ft« Sia 3ad«e 
itmoaia and i t t foijrt^ aa^ aMMBita oontaia antriea 
for MGKra than 160 |ir(^ E>osid apaolaa of J3i|iBtl« Vuiaa ofeooraa 
av» amilttalini of aaairoita iatvaaiiaeliia aama tkixk tha iadax 
doaa n€f% liidi* Xaairoaa a^ooiat of filiMHI daaorllMid Sa 2nl«s 
Kaaanuiia and ita m]ppUmmkt» bmw hmm i^ ona to 1m aitbar aloaa3jr 
ralatad gaamcm me, aanati«aa» tba aaaai apaaiaa aaa n^partad fvoK 
diffarant pUm» t^ diffarattt varkava and rairaMstad t^ ^ diffarwtt 
aaaaa* %• »aia raaaon for tha diffarant ataaa aaaSgaad U %im 
aaaa ^NMiaa is ik» pemmam of a iidda yaago of polyaar^aa i» 
umf apaaiaa* fsae aanapla, ttia iqpaoiaa j2» ^•iiiaaa baa nuaaroua 
varlatiaa* Tk imv aaaaa, ttet aaaa apaalaa* grotfiag at diffaarmt 
pSaaaaf ahoMi a graat nuiga of vnriatian* Ibia 2MA aa^r 
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iiiTsttlgatort to idvatify Xht diff «r«Dt fcoros growing in diff «(r«nt 
loealities . different spteits. Aaotimt raason is tiat fittlMI 
tptoitt are highly OETOM poUinattd, rtsalting in tmay natural 
hgrbrldfl which ar« of tan rapotrtad as diffarant spaeias. 
Bockn ( 1873 ) in his aeoount of peianaa in 
* Qanara -> Plantanu * has owntionad about 40 spaoias disparsad 
in Shropioal Africa, Asia and Brasll. Zhsra is no monograph 
axiating on this ganas as a whola, Oonsaciuantly, ths exact noaiber 
of spaoias is quits eonjacttiral. It i s possibla that tbstB axists a 
good daal of synocrTiny-which say atantoaUy radaca ths prasant day 
aocaptad 150 spaoias. 
Host of tha specias of Qoiama grow wild throngluut the 
e 
tropical and sobtropi^ kL r^ions of tha world, Hmy oeoafy a wide 
•ariaty of habitats* Soma spaoias are endemic to cartein limited 
regions* %im species are mostly at htana in rain forests and well 
watered tropical places* tkpy species lilce QsimBk bnailionm. Q,» jOBSMt 
£t* if^ f?i^ T"'^ ?<>^ P^ '^^ W>f fi* a«P<tffl| and £t* gmt,^isi|Bia etc* are 
extensively ealtiyatad in many parts of ths world, Bomt species 
are selective with ref eraace to their habitats whereas fi* aanctnm 
can oeeap/ a wide range of habitats* varying from sea level to 
high altitades tqpto 6000 ft* 
Ihe world distribution of tlm genas is given in Ikbla 2*1 
and Fig. 2.1. Fjrom ths 9ible as well as from the map» i t i s obrioos 
that the species of the genus fijKJJBUi are well isapresantsd in almost 
a l l places with tropical or subtropical climate* Ibe aaximnm 
n 
ditwrilV oi t|Nioi«8 in this gcauf ! • Mt la tfa» tropiwl rain 
f ar«ftt of AfriOft vith 69 •pe«l«t» tfas l*rg9St mia2>or of tpMiat 
la tte getmt so taar rsparted froa anar region* tropical Afrlot la 
f oXXouad tjy tha flabtropioal rcglcnt of Afrloa ( 3* Africa } vltli 
19 tpaoie«t Aral>la vlth ifi spaelasy Balglan Caogo with iX gpoelaaf 
Braall with 11 opoolMt India , with 0 epaelatt Sthlofila wltii 6 
apaclas and Midigasttr wltJi 7 sptolaa. tt» lotiaat oaAss of «pM»laa 
so far reported la froa plaeaa lUce tiim tfarasr HortberQ part of 
Aastralla and FhUlpplaes* Sir David ftaln (1967) la his aaoomst 
of Zablatae la the flora of tha Milaar BanlnsQia dssarlbes the 
dlitrtbtttloD of 4 speotee of QsiMOBt (^ ^ <3f ^hloh^ aeeardl3% to 
hlBf are fouad eoltl'vated only* Arobably tl»ae speeloa if«re 
latrodaeed la lblas«» 
ttm digtrltmtloa of the Sadlan speolea laola^ed la the 
prmsmA iairestlgatioQ Is shoun la th& mp ( Fig* S.2 )• It'ou the 
aap It la olear that £• ,]i?aaAU,ffiti f^^ £• Jmsim t »^ ^^ widest 
dlakrlhatlaB which oorers the entire Shdlan aabemtlaent* the 
speolea jQ* mr^ BWniB has Ita range of dlstrlbtttl:m eoafliMd to 
the Morth Uestera fart of Shola whloh Inoludea Jaam & XashBlr» 
l\utiab» ffiiaohal Itedeah, DeiJil aad Utter I^ adeah* Q* JIEBUI* 
oa the otherhandy la f ooad only la tha Southara parta of the 
ladlaa pcalasala. the dlatrlDatlon of Q* MXHSkXM^BM ^ *lso f oi»d 
aogtly la Soothera or iBaatern parta of XcMlia and tha apeclsens 
aet with la other regions are oogtly reeeatly latrodaoed* Urn 
other spseles» £• iftdlaffiaiiltf^ i tfllld» reported froa aouth £idSa 
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hf Bffsfibn^ aaA Bookir ( 187.^  } , cooM noA b« iae2xdiA la 1^i» 
iitTMtifatioa, Viiump th«r«foor»^ aot l>Mn piMMd la Hbm ai|»* 
Q.» kiXtaMatahayJemi la a tpaoita liiloli lus baia y«Mat]jr iatrod«e«dt 
l a Mlft froB Kttsiya and i t doaa not liava tnf aataxml raaga 
of didtrJQnztioa, 2t Ja aa2timt«d la Oaiiradtm aail Haat Baagal tor 
oMalnlag o u ^ o r and la grona la KiKloaal Easoaroh I«l>oratox7» 
4lt«nn« for «qp«rlaatttal pnarpoait. ]% i o , tliaraforaf «xo3»l«l froe 
tbe aap tikowixm the diatolbtition o£ tiia Dadian apaelM of jJslBHI* 
Shd gsrms j2slaiB ImXcatga to tba faaUy liablataa viiid^ 
i s «(»^ii»d af SOO 6«n«x« laoJudia:^ S2Q0 isiMiejUia* 'lh« f l3E>it 
olaesSf Ic t^lcfQ of Ssblatao on a vmfl£L wMa hsi»i» y&& provldad 
by Bentten nad Hodter ( i8TO ) la tiaela? 'Canera Ploataama* 
Vol. -tl, Ihoj claa«3f i i^ lails family into 7 trSlJa© ca tho basla of 
! • OolB'^ MetuB 
2« Satar«lae«» 
3* KbasTdani 
4« Sapataaa 
5* StaofeTdMO 
6* JRnslfMt 
7* AJv^oidaae 
Iba trSlM OciaoMaaa ma furthar divMod ioto tao 
13 
X« JSoooiiMft* «* vith 34} gaomra 
Z» lAYvadulMM •> iflth Vam tmif g«mMi JEfianafttlJA* 
aogfc«r ( IfiST ) Mdif 3«d this «XM«itlefttiQa* Jto 
iiie7ta0«d th« nudber of t:r£lNMi to ciglit tfif th« ndidltioii of 
il^ riilmilifrirff^ «• « tarSJb** S« «2J» raistd th« flraabw of g«atra ia 
th« Saoolssv.e from 10 to 21, 
Bri^fott { 1897 } on tfi« ottuee imxA vcimaUUA iM» 
timlly into eight mM9isd.lSM» m £oUomt 
A» §MU m% mwMft^.i »otla(t» with lattral twitrtl 
attachmnt a»i uooaUsr laarge eurfftO* oontaet* 
2« HosaiiSan'isuHui 
H* l*postftQth«3roM«9i« ( mt& adbuatiacus } 
a* 4%tm ,Bffrttff^to amg&ftfflf* Hat2«t« %rith b«Ma 
attajduBwat aau vMwJUsy smdl varfaos of eoataety xaxmiy v&tb b««al 
V* I«vaadtiIaiEl«a« 
• ! • 3t««b/oSd«M 
vl i* OeiKOJbittMi 
TLU* CatopltvaoldMMi 
1 4 
BrSq««t*t el«f«tfimtlon keM Uim CoUbired 1^ may 
UxoQonlgts as i t Is norc logiml aixS neoeptiibls vhta m taaaUiu: 
tim pi^logtmtle r«l£tloa«L3|> o£ dlCftreat gaaara ia the faAily. 
fit Irtpt 0«lJi!oiaea« as tfcs Ttfc mMamily^ this oabfmailgr i t ia 
mtja^ raiiptett »ar» adinmeod tibaa atqr of tbs paraeading 6 siM^ioilies. 
fba iubfaitily OcimiAm^ afcovs er^t aftlaity to t£» otfaar 
•abfaoUSas Ilka Eiama(3taold«iay ItaaoldMia and Stac%oid«M but 
ditftrs £x*c»a thtua bjr t ^ tatsts^ a oad position of gtafflasi* In 
Oelttoideaa ttia atsusffina lia oa tba lo^ar lip of tba eoroUa 
wliaraas In ataatyoii^aa thay ara altnatad on ti» appear lip asdi 
in lamidnloidiaaf tlita ss^ moxat ara x&ther 9t%i33^ diatribotad* 
Bentlitui and fiooloap ( 1879 ) InelJodtd 22 genam la %h» 
flR^anlly Cciaoidwia y^rnxms B^iipat imM IneXndtd torn 90 s«iu£ra* &» 
in tht mat c£? othfT ini!bfai»lUsa a? Cabiataa tbe natma of mlyx &nd 
toToUa fito-vidaa a basis foir dSstingnlsMr^ ths gaamra of the wMmaiXy 
QeSMiiMn»» tba gissas jQSlSBI is distinguisliad frosp tba gaaara 
tim ilsotorant aargios of tba vppar tooth of tba <Al7Z» tba tli^ Imnae 
Up srf tl» ^nrolia sad by tba etecmtfteriatie bifid s^lt ( fig, 2«8 ) . 
^ ^ i t j | ^ ? l $ ^^ ocnrolla i s aioilar to SS^UM ^^ nit tha Ixtsmt l<A>a <xf tfaa 
mlfx i s aot liirga smd dasurrant* 2ba styla la t.iis is aoastrbat alaimta* 
UsJ^aasSfim is dlstinigaisbsd tvm i2SlHI ^ ^^ eoaesva Xotrar division 
af ifcs ooroUa. Hgirgtoalki C lr2lis) i» obsraatariaad bgr a poocJai. 
sbapsd aearalla loba and bjr ^^ oas^ iarmlAta mlyx, Grtbosipboti as 
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AMMrHitd ligr llMktr ( iMVf^ ripri«t«Nl In i»m ) ^ JHm moA of 
AiifeiafsUNA fMH SaUKtB ^ t l i * «Htlr« l0if«r l ip of ^ « tftliFX 
ftadi %y tit* prcMftt* of • vtgaliup «Q9e»il«» 86if«fiir» t ^ |v«eiM 
•dspUtloa of ^ * f I t tMl «lrti«t»rtt oC ISflaii i^ p«ei«» for SaMOt 
]>oUfaftti«!i M^ pH t l i l t g»iiiM 9M am ^ tSut «S«n««l g«ii«r« of 
gooiniliJUi di f l r l imt im of thiam §amem* fY^ttm ^ vMoi^ 
diitvJ^VEtiA ia tbo utriitr pti?ta of iim hmd^i&tm nboroM 
ttogb o£ tl(« 0i^«v goacm of tho ffMaad:^ uro to&iierftto or 
CG^ Mtaropi4Biil dia ot!3^ a f«» «^>9r9 mm tmpi(ttl« 
«ib2« «*X 
won lis ai-'mn::B'i or OCI^K :,ftJCiM 
( i ) (2) 
HUM t^ spMitti 
(3) 
i t 
.m i^cA 
tropical Africa 
( 59 ) 
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£1* jOMiJ^ Bvatli* 
£1* ^ir|d< 41Ud, 
Ui» talflBilBlt HiMra* 
£• JBIilMUMiilL Mi«r 
%khi9 ttX ( toafttiimdt) 
ii) <2) <«) 
'^ '>^* J8« xmustaiamm ^vi^ktt 
^ « J2« BiidtWfffiilt t*tt«r)(« 
^ « iit* JMBNElliai t^ttwk* 
in 
tahlm 2J. ( eontlniMi) 
it) (2) (i) 
45. SI' oaoatoMtalua 0 . H, Wright 
46, jg|. Dtunllma Giuirk« 
^7* JQ« flwahwi Qtmrk* 
46. u. UHms^joimism cHf«rk« 
SO. i2* m^sr^ivm Boehst. 
£2- &• J^ftlfelfTl Brlq. 
84. J2« flt-^linniit Gnaark* 
65* J2* p i l i f w ^ Briqi. 
&A« fi* triohodoa Baker «x Cavrka 
58 • ;}• fOMl:|ffa^ Brlq. 
86 • £• qaarhepiai avi«rk« 
R«narki 
Tropical 'ifrisa ha» tha IMI«1»W mudisr of 
8]>«oiM and stfqr of thom ar« (Nidaaie to 
eortaia llaltad arwa. Xwiax Xawoasis and it* 
fupjplMMiitt r««ordl«d 59 tpMlaa. 
2 . B«}«lM Goago 1 . Qtimam Waiia^ti Pa Wild 
(1) (a) (») 
3. il»toJ^Ma««iw 
^^ « Iil« itSSim ^"^Tn* ana i ^^ua , 
i-0* S* katittigfii^tf. $aibgrnM wed Imanm* 
tablM 2.1 ( oontioutd) 
(1) (2) (3) 
4 . QuliMa 
(4) 
€• Bhodesla 
(8) 
16* Q, poiyel^uM Brlqi* 
^7* SL" ^»a<ift^toii<?y?lit» &• VIM 
^^o £• caa^fm^ Hbohart. toe Srlq. 
IC, fl. Yirlda MUM 
Kbst of thasv :tp«ol«s apjMar to b« 
sadeialo to tb« r^loa , 
1* £• kon^angr^^ A, ch«mlier 
3* i2* otwlfaiortM A«efa«vali«r 
4. fi. ffi^aifiqiirftf A . oh»TOii«r 
Sp«ol«i «pp«ar to bo ottiomio to tho rogion. 
1* 2£liSB •"pfia'f BiMealioai 9t MiMiilor 
Spocies appear to b« •adtntle to tho r^ion* 
• • mnMuaarite T^' 1* fftllHl yytop0ooft4|t^ Bol^t & X«brtui 
Spoelot appoar to b« vadMile to tha ragira* 
?• Nubia 
(1) 
*^ Qsimm 9ttelgtf«ntt •!•• 
Spaalaa appaar to ba aadaaio to tiia ragios* 
f l 
Tab I* 2.1 ( continiMd) 
(1) (a) ( « ) 
8• Ithiopia 
( « ) 
9« Angola 
(8) 
10. aMuilla 
»^ (IfftoBff l i l i t t l i^chmt «z B«ath 
^* H* di^ytffuvii^ Hochest •x Beath 
3« Q* «apaT>w>laa» 3«hu» and hoan 
4* J2« a^yapium Tiatks 
&• £• iiittitfffUnw Hoehat* 
6* fl« iittlMflffJUai HoelMit> 
Jon* species are purely eadeifiie. 
^* JQ* JQgfteapimi iri(i« 
1 • QSlail faleatiM Gandoger • 
2 . JQ. at—tooMoi^  Belter 
«^ fi* Isam&Sfii Baker 
4* JD* to—nto^np OlXver en Hook. 
« . fi. 3 i m s U U £ 2 U a i Bak«r 
SoBe epeelat aure poreljr ondeeie* 
(1) <«) (!) 
(7) 
7* d* baailJBiai X«iiiB. 
I* 
bdtK KwwutU ttaA it« wvppUm&ottt 
VMMvd only tti« f irst thrM 9««iM« 
Puncy*! crtlflvatdia r«port» jSt* m u n 
J . D. look«r ia hlf ll«Br*SiiiA Mmtloiui 
J}« gnt i tot l— *• a»tlfi« of MkdagaMMap. 
^^* HMait l i l t ! • A* xiiUtm ' « ^ 
filiMBlftMyi f«rak 
i* fi. JMKKiUtf&iJbyi 'oTik 
^* S* J M I M '•rak 
<« A* immtiiffiifiillw w»dint» •« • B«atii. 
i . 0. MrplvXUfoliw r«rtk 
f i n 
(1) it) (i) 
14. Mia 
(t) 
4* £• aouUit ''orik 
l(* fit* TU l t ra i 'ortk 
7* £• 1Hfcff|.14^ iip Iriaa* 
M« fi« ftiiffltatftiia f<orrit 
^^* £• fi^^^ UiU D. Bwth. 
19* jQa itHlflW^f Bietli. 
Etawapkt 
&d«K KtiMmtit «ni i t s mppUMHitt 
vMKnpds oalsr Mrrtn apiteiini* fit* F I M N I 
of i n ^ i a ( B M . Bot. 8«r. ot 2aAlA 
?•!• YIIX) ta«l«dM 1ft qps. la « h l # 
f spa. riqpMrtai to ba aaAaaia* 
1 . 
£• 
ft. 
4. 
fltiwi m i t u t — '^ •^ "'B 
&• 
A. 
fi. 
M l t W A M i Wi^ U^L. 
^ f i f ^ i f i lUyth* 
MftMl UAQ. 
Ikblt ZA i matimuA) 
( i ) (t) («) 
&• JQ« haailiaai lina, 
7, Q. yjyjdy HUM. 
Flora ot ftrltlili £)dift imports tlz 
(8) 
2* £• JUBHI 3^** 
SiiBSiEl* 
Sadci Kivaasit r««03id» oaljr Xt* MBOl* 
B«4Mird« of Botaaidai Survigr of 3iadla» 
Vol. Ill (1904) dosavJbo tiio dlstributjton 
of £• Jutat alao* 
16* >«f*l 1 . Ool«M|i hM^—iM Rmdi. 
Ruirtii 
fmevj*» ej«le|)a«&ia roporta j;)* JTltlllflBl 
alao« 
IkbXt t a ( «9ati»Md) 
(1) (2) (»> 
16 . Cfsrlon 
(4> 
19 • <la]Mii 
80. Mftl^ ra 
(4) 
8* jQ« b>tiXi«ui Mini. 
4« i2* ggatiaiiwBHi Iilim« 
Xadi«cK tmmnaia do«t not rteoid «I3|7* 
Fleam of I r l t l ah SadU rtooxdt « U tbt 
four givni* ibsiljr miltivifttcd aaA 
8<»MtiJMt « • (HwiMiii. Do«a>tftti}ar 
Indlgmoiui, 
^* flir^ftimi IdQliaUl l&tanb. 
2* JS)« _(pr||^ nffifi numb. 
8* jIt* liiriilfWI ^mb« 
4* jQ« ^»iM^tii|i Straab* 
8« jQ* yiittlllMH Uiaa. 
U) 
XX 
SibU t*! (oontijitHRl) 
it) <8) 
8« £ • caiHMiSlai 
XodiCK Xtwiotis do«t oot r«eoii4 iu^« 
Flora ot Miligr PtaiasaO* 7ol* II {X98V) 
reports 4 tpp* 
e i . 
SE. 
28, 
£4. 
Foraoea 
(2) 
Stem it) 
Xilftadt of 
(1) 
Aiuitrftlia 
(1) 
S» lit* tlflBTtfirtBt I^sk 
8« fi* l^ahi*ti» Blum, Bijdr. 
4. A* baallicmi Xdnn. 
^* ft* PJiOWMi itOK. 
fiiiivx Smtaiiit V]poxtB only tttr«i q;»oitt< 
ItexyU «7elopMdlA of F«rfua«xj rapavtt» 
fi« sStkOBB* ''liom of firltUb Xodla. rtf «ro 
fi* 
«^ fiSlMI Biltffftilil 2ipp« ««• Span* 
flMUkft* 
Flara of BrltiA Jbdla roporto tho 
dlilrlbtttlOD of Oa 'oanotM in aorthora 
part of Inatralio, 
zxx 
f«bl* S«l ( oontimMd) 
(1) ( « ) <») 
28. IhlllnslaM ^» A£UBHI itlWWIIlM B2«a«o* 
8t«« 
27 • 
ea. 
8&« 
(£) 
e» j2« »nctu« Xdoa* 
Flora of &rltidi> fiidiA 7«fer» to tbo 
dlfctaributioa of fi* haailiwai Uatt. to 
lii« ° A Qiakiotmxf OBT Iooi»wio Pluit* 
of fodift" iaeasniM ft* MASl^ slto* 
•L* fiSlWI lUriifWMI Sort* 
MiecMso 
(1) 
(8) 
! • ffolami JUBilttdilBUI ^^31 
£• ft* aaje^ WM HiUil, 
' • ft* •lerMittaiM ViX2d. 
BrMil 
( U ) 
2* ft* nwinfnti 7«u* 
3* ft* fogaig«i— lUiliriUurdt* 
4, ft. andioBBl* B«itli« 
A* ft* «i<»««thiMi IlUia. 
6» ft* flffi.'^iai B«ath* 
7. ft. momaaertn* %lliig. 
8 . ft* gOUEitJeffilt iMmaagft 
9* ft* lliUai* Boath. 
^0* ft* JUM S^ l)>* 
^^« ft* •»"»'>«»» X4iik and OtlMi ioc. Bmith. 
faJbl* 2«1 < continued) 
<i) it) <») 
P<av3r*a cgrolcqiMiediA ai Hxivmasf r«part«. 
il« JMBBi* Qvumther ( StaentlAl Oil 
Vol. m, 1948 riqpertt i)* cygnoatMt «aa 
Mora i t i t r«2at«l to g, |Bim>nthiMi 
•Mn in Coiaitml Jtesrioft. 
Spooias aooiDs to h» piax^ljr •a&oalo* 
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Although auior «p«eiM ot th» gtout Xtfiym *>"• ettltlmt«d 
tot mrioai piirpo»«i» our k&oirl«dg* of thtlr ajstcmtio*, 
cgrtolQgji gtiwtiot and •volutloa !• not quit* •atltfaotoary* 
Ch«BlaiX ead ph»raiool<«ic*i itndlet of Mttntlil OII0 
and othsr gabstaaota froo varloua apeoiea of SS^UM ^ ^ 
bean mda KOA rapovtad V Mvanl vorkart tvtm tiaa to 
tlaa. But only aoaa awttarad raporta ara a^mllahla on 
tfaa gfatanatloa, diatrlbutloo and oortolegy whloh art being 
ravlaiNNS in tba foUoning pagaa* 
Sinca thia la tha f israt attaatsit to rmwimt tlw tavioas 
aapaota of tba ganua QaJmai it la eonaidarad vorthwhlla to 
iaolnda in thia rariair « briaf aoeomt of tfaa anoiant 
Xitaratnr* about thia plant* UMI aoat anoiant and fuadaMntaX 
booka on tha aadioina of India, naaaly * Oaraka Saahitai' 
( fol , Tf tranalatad and aditad bj Sraa QuXabknnvarba 
UjvmAin Saaiatjrt i948 ) andNlaahruta Saahita' ( tranalatad 
and aditad bgr laviraja ionjulal Bhiahmpratna, 1965) daaariba 
aona voRtdatrful anratit* affaata of fitimi tpooioi* Quraka 
daa«ribaa tha 'holibaail* Qeiama aanctua aa ouxati-va of hiooupf 
ooQghf poiaoBf iifpMtk and pXtxrodTuaa, proaotiva of ' pitta * 
And oimtiTa of "kapha", and "mtha*, and alia&nativa of 
"fatov", Hm &diaa Mttaria Midiaa (Raviatd and anlargad) 
by A. K* ladkami, 1954), vhieh la a eo^pilation of tht 
uaaai and ayurvodie qri^ont of aadioina* «l«o rafart to 
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•iitj^ pgnr«ti«f «atiisiiiti«i, mrmiamtifp dtmlwnt, 
diapliorttiOt dlnratiOf taqNietormnt aM t^imaHMxit 
properties ftiUI tlHiref<sr« r««mnt&d«4 for the tr«itii»at 
ot dlMftMt liloi «ftt«rrii» brmdiltiat gaitrio dltortert* 
diisord«ra of g9a|6o - vaeSaaxf iQr8t«i9» nlttrial tvnr§, 
irh«antlflii and tkS» dlMasws etc. Si» maatufi nas d«8«rib«d 
by tteB aa a plant btlcmglag to tiMi ** aarasadi " geoap ai 
droga Boat of vhioii aira rapotad varalfugaa* J2* aaaotny and 
fit* baalllotta «iio« vara oonaidarad to ba affaetifa antidota 
for toaka polaon* 
It aagr ba baoausa of thair mmUolA isaaa to eora a 
variaty d! bmma goff^ploga that th» aarSy &dlaas 
oonaidarad J2alBli P^ Lants aa highly saerad and haaoa 
worahippad th«i aad ^taa of farad to Qoda. S(»na aaeiant 
Biada poat teacrlbad i}slBBft l^ lAata aa highly aaerad ai^liig 
that OM vho aarafuily growa and ifOrahi]Mi thaa dally ia 
protaatod fron aiafortuna, aaaetlfiad aad esititlad to go to 
Siairan* Xba atovy goaa furthar Iqr aiylag that thJUi plant» 
fi* MBlttfflir ia tha tranaforaad ny^ih, Silai» a balovad of Lord 
friahna of ladiaa aythology. Aad for thia raaaon thia plant 
fltkMli hnoim aa firiahna Iblai ia Vidian laaguAgaa» oaeupiaa 
a raqiaotabla aita la alaoat al l oourtyarda of fltoda t«^>laa 
and houaaa* 
of a wlA« f f t i^ «f tpMlt* of JHdHB (^ »A Nga» ^i« Msrali for 
tilt ••Mstial yrlntlpl* litSih IHigr btli«f»A wm fwgm»£b^U 
toT tli« «flmtif« ifftet la th« tnoMUi bodjr* 1!i«y «iplqsr«dt th* 
pro«tte of ctttK diatilUttaa for aaagr «roMtl« pltntt aaA 
obtUMd a maNar of plmms^ flMlliag hlgMar foUtllA 
Xlqittldfl vli&i^ th«^ ooas^oi^ «i tttm oftMntltl OQaatitaoats o< 
tb« plaat ftoA htnw gwpo ^ « Mm ** otioiftitl oils * ^l«b 
i0 profitrMd to i ^ pn^ WKit d«gr« & tho letli oontm^t iAi«ii 
tbo oboflditaey (tf t«rp«iMie was flx>«t lavoftigatidt tlta eUaatoal. 
natort of lolatU* oUa alao IHMHUMI Imoim* Bou «• kaoir 
•attatial o iU at ooi^liti alxt«tr«a oontalatag MftiSa, aII«grollo» 
a3re»»ti« aal h«t«rcMgreUo ocotponaia* Mvaj «aa«atiAl oila» 
jiaolndiog thoaa «t ff^flin plftat»« nara foootl to ooatato ia 
thair mra volatlla £im«ti«Qa» ooa or oora of a aarlaa of 
i«aatr&«» ODiatwatod tuy^otmsebosa of f oraala ^txfhkM ^^*^ 
wtra JnSiid to ba tbaiap mat «baraet«riatla «oagtit«onta» «adl 
i^ldi OiM to ba kaovQ at *tarpooat* froa ^9it aasoalatlm 
vith oi l UofptaAimm tha Heard 'tarpoaaiF «aa notd to daaariba 
a U aoapoaada ralAt«d to tba orli^Ml " t«rpaaaiP« X« tba 
l i l l i t of aia>at(iB«Bt dataloimmt of this f iaU of as^aaia 
fiiaaiatryy tlia tarn tarpaaoidt aaa prafaivad tgr tba ahaidata 
aiaaa i t airiamaaa tba wiAa taviat/ of aj^ ataaaaa latar 
ifolatad ttm vHrioua aaaaatlai oiXa* l^rpattai* althotn^ 
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bATing UUU or no mmll ihmml^mBf «et «• Marlsrv for 
tht •x'oaiitlo 8ab«Uaet«« 
Ijr th» tmn of th» lath matiatj, M ia tho olh«r 
^rmdaios of arg/mio cbwuiftx^i th«r« vat rapid jrogrowi ia 
tho ottcBtiaX oU ehoBdcIvy M • rotuXt of ttf q?«etettul«r 
lAwaot SMdo la ftaraotitro d»t«raSiHition« l|r l^t aiq(»UeatiQa 
lfi» SM% MMt X-r»ar dlffrftetSoa and toao othor •9|iiiatle«to& 
i^proifmoatai « groat mariMr of ••••atlaX oi l ooaqpouodt uat 
iaolatoi and tholr ojEaot dlaanilanal abaaicttl atntoturoa 
vttro ogtebliah«a» SIsniltaiHioualjr tbo aoamvy {arqperUes aod 
fa2ao of thoiar oonatitnoata at aroaatio ohaoicala vara 
avaluatad #iioh Mda tha aaafs^ial oila iii«r«sialag]gr i^pcrtaat 
for oouMtiOy parftaoey and flaiK>iirliig IMiiBtriaa* Togatliar 
vith thoM ax|w&antlal adtaacaaant la tha aasaatiaX oil 
«i}anlglai7, tmagt attdiaa oa thair biogaoatieal pathnagra ia 
plHDta vtra ooiiduotad v i ^ tha halp of txaaar alMwats by 
biooiunsiata* fba ditaorary of Mrfalonio aeld aa a praocormir 
of terpaooiiaa tna furthar raslflad ISia bioqmthatia 
asparlnmia to atudy tha gmatiea of smxj oaoaotial oi l 
aoapwaaota* Bat atill tha pathtMqrf of aatabeliaa af aa^y 
tarpaao aaqpooada ia hlgh«r plMta ara udcaoaa ( JhamtAa, 1972} • 
lunra ara varloua raperta oa alallar worlc doaa ia tha 
aaaaatial oila of A U H S apaalaa* Bat d aagr rata aa :' ^ ^  '. 
raHav an thia gBlbJaat ia baycnd tha aaapa of tha praaaatt vofk* 
Mmnmr^ a triaf aumary of aoao af tha laiportaat iavaatlgatlxma 
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oarrltd oat on th« ehtaiitxy of XtSJtaEfi 8p«ei«» ineludad in 
the proseat vorl: aro rerlwad hert. 
Dhingra «t al* (1354) reported that jQ, );»8lllcua grown 
in Sampar Cksntalnt asti^l oinnaaat«> linaXooI, matligri ei&vieol 
and ooiiBone in its oil . A mmple grown in ChalaUradi (Kerala) 
la reported ( Kenan» 1960 ) to have the lavender odour and 
found to be rloh in linalool and met 1^ 1 oinnaoate. Nigam et al* 
(1968) reported fron Saiagar that the basil grown in 
Hadhe^ a Antdesh i s the netfeorl olnnamate t/—; and oontaine 
aethyl obavicol linalocl as the other snjor eoostltaents and 
eafrol and oeiDeoe in snail quantities* Bao et al* (1970) 
obtained a linalool rich oil from spooies of £ . baailicam 
gro«n in 3exmi and goggested that thie plant ean be exploited 
as a potential souroe of linalool in India* Gupta et al* (1972), 
on tl^ othet^  hand, reported that the jl* Ijjaailifflp speciee 
introduced fr<»i fxaxtcB and grown in Jamsu ocmtains linalool, 
eugenol and geraniol as major eonstituents in its essential 
oil* But the oil necdssaxr ^or highu* perfoaezy grade i s desired 
to have Botifrl ehavieol with linalool or eugenol vlth methgrl 
ehaviaol aa the oajcr eonstitaents* One of the purposet of the 
present iaTeatigation is ai'sed at obtaining this kind o£ oil* 
The eugenol ^pe oil seeas to have Buoh aore potential sinee 
eugenol i s beeoaing a highly valued ooastituent of several 
iaportant flavouring and perfumry iteas* M preswit the uaial 
ooaaereial soar ess of eugenol are eloire ( Sygrgina iri?iitfiinili L*) t 
and bark and leaves of ^^ BfflWVIl spoeiat* whieh are very 
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ioy i ts «ag«a«l •ratcnty i t Si^ 1M ytfiDil* %9 d««iliO|i fllteft 
«• » potisitlal and «faMq;> sooraa o( «ig«tKil« 
ttm tlM Itetli Mian w l « t l M of J}* j m i ( tbia ip«t&t» aw 
idiofelfi<a aa A« tmrttftllHII >•« laj M>ti at al*f X97S ) 
IwA aa odottr of laacm poaaiblar due to tha proMaaa of aitraX 
aa tha aajor aaaatitaaat* fiMoT flUigaatad tliat tbia apaaSaa aaa 
ba aaaaaaafttUar utiliaad M tha pmttvmuf moA f lafourlag 
iaAxiatiy irovMaA tha fUU la laaraaaaA aoialdaaEathlsr 1^ 
jtropar aalaotion and teaadlag* 
Ifl^ als: aai Qitfia ( 189S ) »a{Mirtad that tha ataw 
diatillattoi of Di* llllHnnfllliHTtiltl fveaa ia Xadia trom tha 
Afriaaa aaada gata aa TiaM of 8«i $ of oU* fha oajov 
acaiilitaHit «aa foaad %gr t&Mi to ha d* aaapbar (70 % ) • QUmt 
ahlaf aoaaUtnattts raportad imra d • alphtplnaBa { 10% ) , . 
d <* Uaoaaaa { 9 % ) toA tarpiaoltoa ( d H } • Bat Stai^ at a l * 
( iOSS) rapartad that tha aaapbor haaU ( A* IrUfWHJli l l f lm ) 
rataad la imm aaA Xnptuiir aootaiaad £,27 )( oi l uhiA WMitaiatd 
70*6 ]( aaaiiiar* ddolf ( IMS } atadiaA tha aai^^flr haarlag 
fi* kUiWAi i t tCl t t l froaa la Avgaatlaa* la laolatad 7S * 78 S 
aaa^ar f l m tha <MJl aad alao obtalaad othar alaar anaatlttHnta 
lika tai^ paaa hjrdroaaflMaa ( aalaljr dliantaaa )^ aiaaolot alaohoiot 
aatara and aaaU aaowts of jliaaala. la rapertad thai tha 
aa^paaliloa aad *araatarl«tiaa of thia aaaaailal o i l aya alallav 
22 
to thoM of XDdiia plmats prcricutljr •tadUA and M|»ttflt«d thftt 
th« < I^ If ittitablt for liiM«ti«id«a| ]Mdati» f i lat •«•• 
Chakntwrti <st aX* ( 18fi9 ) aXao rtportad « high ylaU of 
doacto • votatorar Miaphar fvca $ guq^s of jQ* MllMiriif*MMfi«» 
gvoim la tffft B«agal, Sio total volatl3« oi l yiold roportoi was 
8«ft )ft» A otlU daalipei and prooott naa gtatod aad WL£ gram of 
pnrt aublliMd ouiphor and X3M graos of oil mra rauovod and 
rawvartd fron 828 ]|>8» df laavae. Vwleataranaogr at aX« (i860} 
Mda a tiuraiBatflvx'aillio axaaiaatim of tha ••aantiaX oil of 
|^ « fcHiUffigBJ t<^ '^"'*'^ f^mT ^^ rajportod nev 0(»i8titt»nta lika tms^ea^p 
agrreoaayoC* gfa^Hadgliiat j|^ «> t«rpinana, p « «snB«ia» bora-^ ol 
and •illsona* 
I>att at al* ( IfiSg } fottad tliat tba oila obtaiatd froa 
XndiiD 8paeJ«» of O, jMaottBi ooataia oaialgr aoganol ( 80 to 90 jS) • 
Batlas ( 1067 ) eitai tha raporta of tlia oil* «btainad tvom 
Oh«sipiir» Xaahadr and AUahabad by Bakthit^ Btnla and Datt* Iha 
Qhatipur graao vnrial^' had jrialiad 0»t% oil vlth 80-78 % 
{^enolo and 10«L8 % a2d«li3rdM« Sha porpla typa had 48*70 % 
phaaole and aldahTdaa 18-4UI S« Allahabad ywUtf yialdad 0.7 % 
total oil with 71 % aogaaol, anganol aathgrl athar S0.6 %, 
earavacjrol 8 % aad «ar3r<qph7llflQa 8 K* fta Jana varlatgr of 
fi» JBmSliHI yialdad 0*0 % o i l , bat Baalaa haa aot mmtioaad tha 
eh«BiAal ooBitititaBta of thia oil* 
lajrak at al* ( 1982 ) fouad that oil ditaiaad frm 
fi« grnlltilffilff latMdaead fyoa Q. 3* 8« R. aad groim at 
laagalora had tha odonr of aloraa* Xt aoataiaad aaialy 
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•ogMioX ( 61. 89( )» oeiMn* ( H% ) and otbtae tmldbntifiad 
aleoholt* Xndian variattea of jQ« gratiajjyBUi ( Tida Mgaon, 
I960 and BaaUf 19S4 ) ara rapoortad to faa-va tl^nol, anganol 
and natliQrl eixiTiool aa aaln acnatitoants and aaall anoonta 
of garaniol and oitronallal in thalr oi l . 
for datallad inforutlon ragardiog the ohamiatxy of 
Qolmui aaaantial oils It la advlaad to saa tJba axeallant 
raviaw* in this regard uda l^ Guanther ( 1948, 1967 ) , 
Hanon (1960 ) and Baalat ( 1967 ) • M»noa in hia rarlav of 
the ohaaieal eo^poaltlon of aaaantial oUa of 6 spaoiaa of 
SiStSaSMf vis** Q,* —nctam. Q, baaillaMi. Q, eratiaaianm. 
i2. sasm and i2« KiiUTOn^ B9lWff^ ffl!M» fudging from the 
available inforoatlon, Gvtantber ( 1967 ) and Mmon ( I960 ) 
have oonoladed that i t ia l<%ieal to elaasifjr the different 
oila hy their ohemioal eoBQ>08itioa rather than by their 
botanic origin, 2hla ia probably dae to the failitro In 
identifying eorrootlgr the epeaiea at the varietal level* 
Mthoogh ao nazqr uaea and aadioinal propert lea of XtfilHI 
planta had beoi deaoribed, no aeiaatlfie inveatigation in thia 
regard iiaa oarrlad oat until 1940*•« Since then a muber of 
papera on the therapeatia valuea of SiSiMM p^tiff^ti 1)M 1>C«B 
pnbliahad by aany people, lhaae pftpora are rorlaved here briefly. 
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RatfUikl ( 1949 ) sf«parUd ttet th« oil of fi. fc*»iiii« 
hat iBMCb repellent end ineeeiieidftl iropertiee end le 
eff ee^lve ageiast aioei|aitoe« and bootefUet* llUBmm et el« 
( 1910 ) found ttet the aleoiiolie extreolte ot leavee and 
aleohollo and aqoeoae extvaflte of floirers poaaeee 
antllMifterlal aotlrlt/ aflalaat |q,flr?flWfim iOttBtl ^w, ifiuaf• 
Qupta and Tievaaatbam ( 19M ) li^lated «i aetlve 
prlnoiple firom the oil q|»taitted froa the wlmle pluit cf 
fl* oantai and tfaigr elalsted that i t inhibited tif growth of the 
tnlterealar IxielUi la dilation of It SQ^fiOQ* HM eabstaaoe 
ieolated tsom the leaf oil|, aeoordiog to then ehovikl 
antibacterial eetivity against Bcsflbil&iSiA* ^h^ euggeeted 
that an antitabereoloaa mbetaaee «aa be aae^efullj ieolated 
froa thia plant. 
Beeeat etudiee on the oil of jQ« MlliniBiitfhir^ TOff hate 
ehoea tfaat it poeeeaaea iaeeetieidal propertiea ( vide 
Health of India, Bav Materiale, Tol. JI, 1960 ) . 
Fharaaeologieal inTeetigations earried ant la 
A* nutl i i lWl opooiea have ahowa that the oil dbtaiaed 
froa thia epeeiea poaaeaaee antibaeterlal aetivitgr nd lev 
toKieitr Md irritability, ft inhibits the la vitro grevth 
of MrttihirtwrtBi ttHrw^vrii* IttiarwftWM sasumm ^n .^ 
taam$ IHiaiuastSBit iitfcgtttta jaU ^d j i iwi i lU i^akm 
( Tide Health of 2adU, Baw Materials, Tel* II, 1969 )• 
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Au •% «i« ( &Mi ) y^ttrt«i «Mt ik$ vo«it «r fit* mrffllimlw 
«»nt«lii ^ « •ItmwtwpoXy Miwiltt «ttiid« •dAf gIXMOM ^ 
gft2««t«M •saA wnAiaom* Si« Mlthtttion of Hii* i^ 2»a% i t 
fMtrally adviitA • • * conlroi mmmu9 f«nr iio«|iiltiMii* 
A* watyfUi iittvi i^ M^in tlmi thla plsoft i»« got Mrktl 
«atib«et«rlftl asA li»««tl«ltol larc^tniM* fiMimtlwi «t • !• 
( 4SM ) f«p«gHkrt tHuit Hi* JKyttW •an^tiae foia* «ttt»i1N 4^np«alott« 
0» f^lita«et bMKiiM tli« e«ii«r «etv»«iloii of ttw pliAt ii^lbitdl 
t{i« grotftli odt BOBttUSl^tKJiSB ^Mi^ a?fttlat^ « wad JUnUSBlgSft ff*^«»qfff 
vtr* ttfl»(w^« AMOHPAlfli t9 t&Mif i t tum on* t««th lii« potwHor 
of ctsn^tnorciti taA <aMi imrHh tbmt of i«o»itsldi« Zt hMs 
m3rtc«i laM«U«ld«l dttivity a^i^% mg^nllumtB Huogl^  i t i i 
t»i •oiptnil^l* to t}»fct of igvotlonyi* Sbo acMKittito rtqiolJUmt 
Miil«tt ]Mtt for i to t liotvo* fiMi oi l ial>t«iiMdi twm t^o 
croon tTpo «f A* inatlWIt OOMVAIIWI to ttiOB io ooUvo Oipiaat 
aalaoaallM ffiiiooa> Ibot ot ol* ( idM ) ro^ortoA Hmt tiao 
OMii oostoStt OQMi oAtitoogulMO footWPt* llui oqpioovui ooA 
«iool»oUt oxtioolloa proloacol tl»o oaogalAtioii tloo of blooA 
plMMHi fegr otijiqrloooogolino» Oonoiioli ot ml* { WH ) roportol 
UMit tim ptoot omtoiM olkoloMo* gSjroooidloBy tonniiui onA 
•Opooloo* 9io loftiroo oontolii MOtxrilio oolA ( 8S mAOO g»* ) 
oiA owotiM ( !•$ iwA<X} !»•)• BMgr oonolnioA tbot tiio 
tlioropontio of foot of fi* n ir tm plosto nor bo duo to tbo 
jproooaM of tbooo oo «oU oo ona/ otNv mlAoatif iol ooMiJOttiAo* 
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MnriiMi •% •I* ( ISM ) w^jprnUA that» p»9«&U «ral 
l ^ t aa im«itt«iD <a «a i^ tiaoncui dMoeUos (tf th* idbol* dritd 
plMt lowiirt blMA Mgw l«vtU* a«h« and biSMttuui ( iS96 ) 
•xA QaxOiagf •%•!*{ 1970 ) tibmenA ma mtifarUUty 
•ffMt of iMrM tetii ( A* iKtSSSNi ) ^ nwimla^ Qwodihai'y 
• t «£• ( i9f& ) •2»i«ad tbfti <» i^vm&m MQlvitim at g* JHUItSli 
9bmuA m snzlcid aolifiartlllateg «tta«t la tii« <i«rlsr pr«fnu»Bgr 
•tag* of aSitim rata* fiulaaftliiei at al« < 1S7S } raporUA 
aa aatifartiUty affaat on nioa utiaa i t tiaa f«l villi fi« uas&m 
laaiaa Aloaag ultli mnnaal diat* Aeooxdli^  to tbn tha 
atariUlg' ia dna to tha iatalia of hifjx awsiaita of laavaa 
of JB* JNUlm n i^ob aawa to eaitaa mtm fibyaleal obaagaa 
lUm 4aaraaaa «i iiB« bypartonio msrismmmit and diffaraooaa 
in «)aoaataNitiQn of aii«Biaal ailbataiWM of biojjogieal 
i»pcnrtaaM liica ie«eof»otaiaa» nUadlna ud neSA h^«Hiphat««Hif 
proAuoiag |nt.olagianl diaagaa ia ipwaatogaoatio oalXa 
iaaAiag to tha fonntion of BoaM)ilal»la aparaatoaoa* 
atta^pt to fvaiaacfe tiia aataaX atata of raaawNh oa tha 
f *&«• fliini «^^ vagasA to ita tharapaatiaal aoi apioing 
^uasa^i^np^piiap gp^ Maa^ VHT ^w^w4a^p*awawiiPai ^aa^p i^wa^paaaWP^Hfc Wia^^a a^a^WH-^^Map^viw^^H^^w^m'ak 
pmipartiM of il« llTH^ fffffffi iSt* ffi*r**t?'r "^ tbair 41ffot«it 
'vaariatiaa « i ^ tbaiv aaarpiielaiiaal aai aytaaatte 
ahaiaatara moA Aiatlagaiahad aona 80 foraa* 
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to tlwir tMrajWi off awttalag noot Sii4iu MMatlRl. 
oils for %i»i» mtUmgitX i«op«riifts« fevid ttait tfc» oU off 
fi* rtlTftHI iMi got poucvfol s«r»t«idAl tftd aatlMiiftiK 
proptvtitt* a^Men «t lO.* (SMi ) lavwiiiftttA tlit •UUim^ 
odt ttlx )|pteit» <tf XbtfHI ( K* Wnl l i t i t l ' f A* ftrrlHiMr 
fi* l l i l f t l l m i &• MSBSh fi* JHDBI " ^ A* l^ailJBMi } at 
IUNNI Jtt Htgtariia mtiv« atdidiai* tlnqr f oosd ttet off tlitM 
i^ P<MiM fi^ fltlMBi £• fffiltftMH ' ^ fot^  ^te wxtaw 
MftiAlaal fulat* MMrdiac to tiiM» « dM0«61m off tiw Uafw 
<>ff &• ITIIIlllllMI i» IP>od tor %tm trMtatot off ff«ftwr»| 
i t i t di«ptor«tlOi fffcoiMhte a»d iunti f** In «r«ft trooiid 
Ibtttea ( titft llg«rSft ) j)« j T i l l U l l ^ "^^ offtta ttlvii «B 
• <l««»«tli9B of tilt vliol* i^ vb ( i | ^ } «»l Is psrtiinlKrlr 
«*»d la trMtlag dlaanrboM* Soff^ svar* st a l * * itlitl* aff Ivsliig tlit 
m l t d i ^ of ^^JBl Im p3l»ats la tJ« IsdlgcamiB iQr«ti« off 
Mdl«iat off Afrlott ftiiM tfatt tte tbtartpfotlcai jproptrtlos 
off tfeto plAiit MQr te dot to i i f ontllMMt«rl*l iirf^wrtlos* 
flHgr olM Ofcmfod ttet tho oi l vapour off thio opoolos off 
f *1ff oottH k i l l protoioa. fUkUgr *^ S3M» ( IS70 ) 
ffoB»d tiiit tlM ftotivi itftatftnoo la tim inHaoiaogoolo <9rlalE» 
vfaiob tJw Sotttk IOM'UMI aoti-tot par^ paro ffkoa A* Mlffn%ywi 
io I « I tflaotlyl tfyyiUuRSao* 
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8*4 <^ ft»lffgy» tytotiawaawr md g^vmti»» 
3k«r« «r« v»zy 1 ^ v^porte About tM tjrtologjrt 
9yi9tftxoaai^ f woA g«Mtl«t of this g«niui* &• iytolqglol 
•tol itt !!««• %Mtt tMlrl«Ud wttly to dotondBfttiott of 
ofayoBoiQM »«*•»• iibiili «v« icaova only for holf a doioa 
of tiMi opttiM* Diarliagtott ml Vtfllo ( iMf )« oo ttio boolt 
oi tte «R»t« Mdo igr OoXmisoki ( 19«7 « 2t«i ) , Xopltt <!&«»)* 
Voartmi ( 1947 )» UotiA tho obroMOontt miiboro for i ipotlot* 
•OM and Cbonltasr ( i»Sf )> itotoi ( i9«8 )» Ultra «A 
Qatt* ( lUf U iMira MA a iU ( 2978 ) anl SobU •% al« 
( 1978 « l a prtii ) gava tfiroioiQat tasibm tm aora opaola•• 
DiwUsigtoa «al IfyUa ( ISiS ) and IWoa aiKl OIU ( l»n ) 
aoatldoril ti» g«sa» M aoaalbtolo vltb x a 6 dtroaoooMia* 
Martoa ( 1998 ) aal dObti at a l . ( 1878 )» oa tha otiior l»al» 
•oggoftid a dlbnaia OIVOBO«M» waaS^mt vltii x »18 oaA a « 9 
ebgroBOooato it» tb» goaai* A dataiUi tmatitaot oa tita 
^ttOitlM of b«ala maibw la tbSa foaoo io preoootod andor 
dioBBigloa* 
MnrtOB ( 2998 ) onsrrial ont eyfeotoxoaoaioai otniiaa of 9 
tfott MtUrn «pooloi of i28lMi» >• o^ ld tlui opoola^ «' ''^ '. 
tka VMt AfriOia batwslatt oontldiriA as ft. jOxttt ViUd i s 
A* ffTf^lTrrlllll I^ Aooognliiii to hla» tia hao omtaiaodl tbo trv 
•paoSatao of |]|* n u t l w i l l of l.taniaon Boxterlaa «al A* j l x l l i 
la tIta BivHa HailHafliM aat feual thoa to bo ooa^^otlfia« 
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Fttrtlitry tun ttMa iSbm^ fi* JMtt "^ &• fimtliJBlWB MP« faito 
Aiflla«t In l i f t AtwiMm^ tMr i^ pptfl^  to bo ««im««t«A in imim 
tQT lalMiviMdl«t«i« «• Boakm ( 2J69 ) rtAuoti j;^ * JHOI to « 
VKPlilr of £• i rn l l l l l i l l Bogofor* bo oouM GOt fellon 
Bookoir'f flov olBoo thoro lo laooffioloot OVMOBOO M to tho 
•totao oiKt yol«tlonfliiip« of tbeoo ap{»rt!it iacteratdifttoo «oA 
bo«ttuio» in Koft AfSplftAf tho tiro lyoeioe tmm difforont 
iHatcmmm moAwrt* g, fla»tifoiipM bo« So • 40 oM 48 viiil* 
i2« JUOQI to* 611 • 64* !tlk«r«raro» bo 4osS>tod t^o x>iq^ vl that tbo 
^uroBogoat moftior in fi* ffrmti—ii|i ft*<ni Xillio miorltX imi 
Ca • M ( (lo3aibSa#i« 298? ) • AamaAim ta bin tho pliuit 
itttlifd mtffh$Q* MUM '^ <^t j^ « yyatl—i»BM> B» bsf ftltO 
vofcrma to ^ « ftOMaol&taro]. oosftiaion of jQ» JHHB Siso 
A3A Q% iiirfflllWWI ^* Aeeox l^z^ to him Botdtiasoii «i»l 
OAlMal ( 1781 • vSdo MKrtoa* 1863 ) laolModi plttott of 
both vaAmt tbo muo J2« mrlJiMnnn ^ ZdmuioBs doMv&i^ 
&« bo^iiitta* i» tbo first oaitlon of tbo * Sptei»« jnbmtuntiB * 
< lf88 ) (ma i2« «^a«i«««Mi in ^0 9W60S& oftitlm of tbo mm 
Wi'sk < IfiS ) • But Hortoa mM tint tbo «3BMlaatioa of tbo 
%$j^ fliio«lMU $» th» Uiiioftea b«rtMrli» fi^m tbat botb »• 
•ojupoelflity tho lipMiiMM of Sh ilT*****"" ^>«^ ^ immtaf 
portion of a goMMiat halxy plant of |2» »|*«<n*»« l»» lit 
fouod that oalgr lb« saaU diploid pluat Mblob ho got fro« 
Afyloa aatoMA »ith tbo origlaal doMriptloa of fi« 
bar Atno Sa iMH twm attorlalo of QiSaoM ovigia* 
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3o%U t« «!• ( 1978 ) tmoA that fi. mm ^^»» 't^ 
6* liirwr f^rrft ^* «r« •ntlreljr dlffdrttit i|MNil4Mi« jQ« JHBI SlM 
hat Sn « M or te • t t thvoaotOMt whil* JB« mrlHifmi !•• hat 
Si « 7t z^>oa»g«Mf« Sb«ar poftulatid tha hjtorid orlgia of 
fi* iHTlfllirai <n tha basia of «9totaaB9aoaiB mid hjrlKrMisatloa 
itutliai* 
Boaa and QkovOimrst ( l.9(ffi ) oarriod oat a tt<aipurati9ii 
atudar of tha OTtotaxancaijr, pal^ologar <^ fbjtiol^sy ^ 
diploid and polyploid plants of jQ. IflMifflffltni^ "''**"* * ^ tliatr 
/laid of .ra^ antairiala and volatila oontaatt* tboar o^mmd 
that aU poS/plold groups trara biggar thaa tha diploids* S»a 
pollsai grains of diploid and polyploid «wa stydisd la soaai 
dataiX* fOUan of polyploid planta ymtUA trim 47 /^ 1te> 71 /» 
and Utoss of diploid ftpoa 98 ^ to 60 /^» tnia paraantsga 
of stsvlUly vKi fowid to ba h3«har la polyploids* Ite thair 
aytolofleal ototarvation thsy foond that l^srs is a irlda 
raaga of tsrlatiCHai la ths lAroiRosoaa auirifcrar <tf boUi aitotio 
and aalotla semts* 9ia <ito(»ioaaBSLii«ra hypo- andi hyparploM 
isk atiAar aodi asarly 40 to 411 perasnt should saai^ iiloldy* 
Aatording to thssa sathors tha aaalysii of tha aalotit 
ahroBosoas ooafIfuxatioii la diploid sad polyploid plants 
groMB at diffaraat plaeat of Hast Bsogal during lSi9» ted 
vavsalsd wriatloas sad ethar assoalatsd Irrsgulirltlas Xlks 
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mtpKtmtim oC bjLvRltnta cte* lotiilxv about tiM anrfboliCicr 
of Vm flbroatHMUMW w i diMvuiMd la thoir pRptir* AooovAini 
to tMa^ ft «riti8ftX lawiihol^loitl stnAy wu not iiotiibli 
•3 th« diroBOioaw ucro fvrj a n i l la •!•• sal Usrgo la 
ttmdlMV* 
Mattlon of polyploidy t^t i^^ Ma ocrrlidi out Ity ft 
anaibMr of wsarlnrft Uko BOM and Caaadhazy ( 1962 ) aoA 
SMito« ( 1S62 ) laD* lilt—lOThtTJfmB' Boao aad QunllMiry 
trofttid tho MiAIlBga of |^ « fcUlnittawtifflfini v^tli 0*1 % 
eoKbielno eolutioa fctr 6 liourft aaA cA>tftla«l plmts iiit^ 
Iftvgor aid gava • groat«r fUU of oaaiilitar and oaawtlftX 
oils* Ikiateft* oa iHm othtor h«aa» tooend tiiat la&twtiQa at 
poSyploldj la JB* MIlMiltillf*^^^*"^ ^ traatirt»t i4tli 
oolflliioiao dots aot lMr«^»o tix« ylolA of em^ihm m 
oanpbor oiX» 
flrodaotloQ of aa aaiibidlploSd baail of Q^ JMBM ^^^ ^ 
0* gratlaalMBft !•• ttvougli oolahlaisa traataaat ly lapla ( 1989 } 
htA baoft atatloa*! ty aoodapoad at al* ( l%4t ) la thalar 
•laaalaal papar oa * 4asiildlploMy *• Cafovtvaatalar aa dataila 
of l4ipiB*a work hava iHMn aaatloaaii in t&a papaar* 
litaation at nttatloa la thia ganoa aaa f Irat aarrlaA oat 
b/ laalaova ( IM? }• la Inratlatad tha aaada of |2. | i i l lt iWi 
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iritli MRU 4 M M of X • n ^ «a<S obtelMd SOM Mtesto vttii 
ItSffe MMatial oil Mat«at«* 
IsMttlfRUMt «D ttm g«MtlM «( fftlmt tp^cltt «r« 
Mm)I«t«)j Uikiag* aatgftniT ( 19» } t te i lM tba oi l digliJUUd 
fjroB « lytarlA «f A* jsuw s A* JTllllllllBBl'' - ^ tomA ttet tlit 
l9tel<l biA tte «M>Ut«MU porMMt la tlw oils «f tiM tMO 
IMUNstt* lb 4kMnml ttet tlit mmpbat fontMft of ono Ivtold 
IsMMMi f^rai • to tTl m^ tim ongoBoJL eoatoflA fi»» 6 to SSI* 
& blglMr ooBtoat «C oiqptary oMovdlag to blsi no* uittUy 
es^Kiolaiiil vttli • oarsMpoiMUaslar felflicr otmtoat «f oagoa^* 
1^ oi l o£ iaiotfatt t^iA ooatftlMd Moro tfafta t«fiM M woh 
OQgoROl M tJb oU f»Q» |2* i d U i i l M B bit tfat mmptat oaiitoat 
ima oM^ Bt Mgjbof t^aam thit d? tlit oSX froa |t« jMUl* V^ i^ o* tbMo 
obaoffatiooo SMglvev out to Urn OffitoloiSoa tint fegrbriflliatiaii 
•j^MlMiitt vitb «r«wti« |»l«»t» «ooM te of gvMt boiMf i t la 
t in laiogtvlal pafOdnotion of folatiio oilt* But i t la tovy 
oaf ortBaato ttet ao dttallad «ork m tte goaatles of Aglni 
lata toaa aantlad oat* 
0 
IaltiiaMtA^r» ( !••» ) lavaatlflitaa tho voUAlla oU of 
tlio l ^ l d g of f . fliSni Moolao Io» 49 a o* M M ' w tte 
pmtfm of otB i^rlag tte foattlM of tho thoataol owatltaMta 
aad tiMi 41viOtlaB aC pOMllila aM oliMltal fosaatioB tvoa 
vaaota lyteUltatlaa of mrloaa pZaat typM* tho oi l of tte 
l(|ti>14 owtolaal bonool ( aot proMBt la «gr «f tlio pvoat 
plaat ) ia t ao Uaalaal ( vtOab a u proaoat la oao of tte 
33 
par«at» )• ft* oil of th« hjbrid also had 19.7 jH Mth/1 
oliaYieoI ( against 65 }( ta QsSSM •?• Xo* 49 ) and 18.2 ^ 
Mutphor ( against 65 to 7fi ^ in i2* SSUDU) • ^O"^ thasa 
obaarvatloas ha ooneludad Ihat eonsidarabla dbangas night 
taka placa in tha aomthatlo activity <^  tha plant undar tha 
inf Inaaoa of ramta hybridiaa^joa* 
Jiadging trom tha availabla litaratura Jnst rerlavtd 
on tha (Qrtology* cytotaxonoiqr and gaoatios of OeiMua. i t i s 
obvicma that thera is hardlgr any datailed voork on SsiBSOk 
that daala with tha otytologieal and ganatioal probloas* It 
i s also iiqportant to nota that no braadars tried to intprova 
tha oultlvatad spacies of Qoinaa Isy tha fflod«ra taehniques 
of saleotion and plant hybridisatim. 
8«6 Work dona on soma aiacallanaous aspaota of Ociaaa 
On ihe basis of investigatioo- oonduotad by U.'B. 
D apartment of Agrioulttara at i ts Bureau of Plant Jadustry 
of BaltsTiUe M. and 7irginia < 1945 ) Qolnam ^Ui^ Ml^ f^fliffT^ '^ ft 
( aamphor basil } i s raeordad as a proqpeetiva natural sourea 
of oanphor. But tha authors expressed sons doubt lixether the 
natural eanphor ean compete vith the synthetic camphor in 
the market* Tenketa Banazgr ( 1961 )» in his note on the 
produetioa of natural camphor from U. KIDMmnhHr^ rWi » 
eocpressed the view that this plsjot ean be exploited commercially 
for the produetioi of natural camphor in bdia* BadhucL->'Qt al. . 
( 1962 ) hate given an account of the method of extraction 
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MBluwaS and Baal < X9i9 ) mepwUA oat hlstologieal 
•tufty of St* ba^llicaff and x^ portodi ttat $M JB« tffifHliTtllit tikt 
•titllKfO is looatoft la tbm o^Motrait of Vam MHNI ooat« Mihxtt 
KoA Atal ( IMOl ) onrioA out on iBiMtlgotlOB on tlio mwiloso 
jioMlag oMdls of J2« IWliiMttWI *»«& JS« ilBHI* 
S^ roiMAMft ( 19tX ) flirdilod tiio offoeto of gaUMt iii^ ^ 
troatBOBt Itt j3» ^oiliwia plaato* 
iaitl^ oai Swoib Ghaiiftr* ( 1970 } otodloA tlio oodotpom 
dfrvolflpnnt o£ ijaiini oiwoioo olisag « l ^ ooao otsbor ro3»to& 
toaoTft iSkm HiliTlii Hlfiltot ICBytif l!K9i!M9& '^^ JbttiM* 
flioy f OTsidl IftAt tho ttevolm p^Mat of ondlo8p«>r» ia Xttlm ooQf oras 
^ tiw SJMhxi ^np** ^ * iboloio}. luntotftrita io 1iliiad«o;lo ia 
o U t ^ i o f«MnNi Iwt tho aioyoforlKr lu»ftoirii» diffort ia 
diffOONKOt g«HM»* 
ISif<tU ««d Ceati ( 1970 ) riboorfid tho tatmotfuotivo 
of tlM ihlQvoplaito of baoil. pUn%§ ( A* b<i«iu«« ) oithor 
iafootoi vltb diff«r«it Tlxtioos or tvoatad witik 9 « aaiao «• l^Sy^-
triaaolo* 
loiviiOlo aoA OoiaUo ( JJMO ) oaA X«V1OBIO ( XBW ) 
foggostoA tlMtt £• kayiiiBiMi ««a bo niodi oo a aoir toot plaat 
f«r ooao plaat virnooo taolnftiag laooam aooale irimii* 
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••gffmlaa «id fin—HmBr ( i»n } tMoartM D« J H U M • • • 
mm IJMU. l i t i o i hoBt tm talMi««» Mtftiit vlni* mA tlbwmmA 
tbfti ttii laotnlitaA UttVM tomad pal* fttwii *«MIU1I^( SB 
iv^Oftttm (ists.) Ks QHCviad ottt • ffea f^ of th* 
•tenfltar* 9xA o i ^ w y of •pS^rml a^paadM;** «f t l« tlteemt 
of tb«i« «la«m«fe«rt la this ganaa* 
8«a% ( 3«i9 ) tea atadlad aaad prodvtatioa la aaaU 
leafiA graaa HaaU ( 0* liaaJUaaa wx>» atelaia Baath* ) • 
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moBLUL j m HKraoDa 
tli» Bfttitrlai for tli« larsMnt ixrrostlgatlaa inetodes 9 
ip»0^« o' fiSllHi along viax Htfis dlff«r«nt Yirltttlafi and 
gcofraphlMi »««•• 8»tds «sre afltplrtd otvt a pcriodi of 
thsiM y«ar« f!r<»B Botudml g«d^a» isrivAt* eoXlcotioat aiidi 
froa plants groviag vUA* X«B vny aad)i iaAilbiUA to 
Dr* &• A* Sobtif 1 ^ r«Mil2|r flpppliaA at the Midt of nojr 
jLKiMxrtiuit upoodaa froa bi» ptrtooal oolloetiona* 
&« ItilllUffMI *^ "^Wf* iilalirintffli B«aftb, ( F^ VMIII bttiil ) ifM 
obtaliMd ^^ uraagh ^ « ooarttiQr of Ifr* J* 0« I«2lDBaf» Wwaglng 
SireetWy SellcBr and Co*, Boabair* &• Host Mvicaa tpMios 
o' II* ^ i l l iqua Xt« and JQ« ^ amoa SSas ygmrm kindly mppUM 
l>7 ArofMaof S* t* Ukatm of Hatarlxw Ihiivirsltjrf Oamida. 
S<MM apaoiafl wof <»lleet«d flfoa Icrala» I^ CBa» SaJdiauii and 
3amm { ^oUi enltitatid and vlld) • Si« l i s t of dlffarant 
spoetat, thala* totcraas and yoar of ooUactlon ara givaa la 
Ikblt 4.i« 
411 plaatf vara grotm la tlw HidlaiBal naota 
IxporiBoBtal Qavdoa of tha BagionaX fiaaMwali XaboratOfXt 'iMa« 
fvxvkm tptoiBMi of al l tha apaoiat and tgrbrida Jaeladid 
ia tba joraaaat iavagtigatloa beta Voan dapoaltod in tha 
horburia of tha Botoaor Oaptrtamt, AUgorh MialSa QaitivalAjr, 
AUgMrh and lagioaal ROMMUTA laihoratOK/f imtm* Xdvlag 
•paataoaa of al l pltat aatariali ara aalataiaofl la tha 
iMiaiaal FUata lqp«riaoatal Gnxdan of tha Kogaonal Rasairf^ 
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Z*barftt«ar7» ^sam* UmtiflMitiea of dooSiifitl aptttiM iuam }>9m 
kSa&ly wA* ^ the vtittf of th« Xcit Bn^bavim priaolpftllgr 
ObMnmtioa on utxejboiagUml <Auaf9imtU%itt» of «p«ol«ii 
«nl hylirJdf v«r« nidl« in tht f S«2d* llMURirimatt on height 
mad ot^«r aor|ibologiMl ol»amet«rs ure baa^ d on 10 pUntt 
ia eaM of ipaoiae and 1 to S Sa ease of h^Ma* to parovld* 
a tianal SKptrettioii of etaapisrieoB of qpeolos, polarpmphe 
iiero projiarad tiitb the help of 9i^t $Mpost«n% cAmvaetara 
nMth 
hraot ladax ( tenift llBMtill )» •««» Itngti* ^ ea]jrae» Beaa 
length of eoroXla* KMO leagtii of atuna, seaa leagth of etjrla 
aad BMa 24aigti3> of fvnitlag talyx, Ai kacr fo9 tiui polygMpha 
le provided* 
4»8 ftrteldlaatloo technixmf 
Bade wora eaaaealated earljr la the waralag betweaa 7 
aad 8 a*a« just before the f loner opeae* fhegr vara thea 
Wfgad vith rieo paper or hatter paper baga ( lOP* x 8" )• 
411 other floifWa eoMept the onea aaleated for hybrldlsatioa 
( aoatljT tvo or three f lowera vkUh are expaeted to op«i 
aifloXtaaacmaljr vara aeleeted) vere rauoved froa ^a 
iafloreaaaaee* 3he aaaaauUtioe vaa aade b^ r earefully opaalag 
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tlM f tovtr with th« li«lp of « tttriUitd M«dU ud tbw 
p2a«kiag aaiv tlM «DtiMr« wiUi tta« li«2p of •ttriltstd 
forofpt. Sit poUlaatifltat WM 9TTUA out 1^ band tudjag 
•ttdPiUstd tovmpB* Sb« tlovicr* of tbo ml* |wr«nt iptro 
iFOSoviid with tht liolp of f or««pt rad brottgbt nMur tho 
f muOA ptxmAt Hio poUta fron tbo tfmiy dflhlMd tnthcra 
WW tlHior uriaklid otwr tbo tftitm cr ImtsJiuKl againat tlio 
•tJii^tio lc^»« 2bo polliaatioo ms ropoatod tvo to thrat 
tiMa ( at tt«80 «•«•* 10 JO «•»« and 12 aooa }• fha baat 
tioa for poUlaatifla iiaa elMiarfad to ba tMitnaan JU>«8Q a*a. and 
lft«80 p*«* uttan tlia bifid atigaa vaa tv^ openad* i ^ 
poiUaatifflia vara dona on briebt maajr dagra* Sba poUioatad 
f loMcra «nra labaUad aad rabamiad* tha baga vara rai&ovad 
aftar tvo or tbraa daya I&«Q tha stjia iiitherad aad tha 
aarolia eolli^aad* &a aaada vara aoUaetad i^ han iul!^ 
•atorad bat atiU vithia tha ealjrz* Sia dataa of 
aaaaaalatlon, poUiaatioa» aaad aat, aaturity ^i aaada ata» 
ia aaaa of mda eroaa vwra aotad* 
4*4 Cytoiaiy 
C/tolagiaal oteaarvatloaa vara aada froa duarfi 
praparatioaa of root tipa» jomg laaf bnla aai /ouag 
aathara* l^ or aito^io jpraparatloa of root tlpa aad youag 
iaaf b«da» tbaaa vara f irat pratraatad vith paMMiiehlarobaaaaaa 
and tbaa iMpt at for 8 honra* Ihia pratraataMt 
ttk^aetmm aal atrai|^t«aa tha Huroaoaoaaa i&i4<i» vttaa f Jaad 
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vltliaat cbiUiagp iar« Icng toA imaaUA* Mtatimm oostracftloiiy 
hmmtWt i» sot d««lrmb]4i M i t «rt«a < t^<ttrt« mch 
sdXfbiolAgieaX fMturat «• MMoiaxy •OBibrletiom Md 
•tUNiUitM aXttiooih i t «nlitii4iitfl tl^ peimmf «oa«tarietiong. 
Af t«r ft «ar«ful otudy of thft «rf tot of prttvootMBt at 
diffwnmt dtarationo of tlso oad t«ap«mtiir«t trMtsunt of 
o 
8 hosxB dioraticn at 10 C nag found to Iw noaet goitabjUi for tho 
amriiitologiflftl tttiditt of chronotoaiit i s th« gonna SSiStitSOk* 
After ftrotrofttaaatf tho mt«ri«i vso riasod ia i»t«r for two 
or throo tiaoa and tiian f iasid la GaraofU aodifiad fXtdd 
( 8t 2 • i aloahoi» oblorofora aod aeatio aeU } for 9Q 
ttiiaita to 8 boura* In hot vaattigry tho flacad aatarlftl wui kof^ t 
at 18^ to 20 6 . &• t>««6 rovilta vara €a>taiaad «b«k tiia 
iqaaahaa ifcra praparad otn ^a «uw day vithia tm to thraa 
boor a aftar flxatioi, Iha prapaxationa aada froa root tips 
aod laaf bads that had bean at«rad aora than 24 houra did not 
Jxcm uaU. apraad diroaoaoaaa« Ot tho tarloaa •tainlag aatboda 
tri«d| prafaraaoa vfta givna to oraalii for root tip aiaaitfiaa* 
&a atalaiag <d root tljpa and laaf bada vitift baoia ftti^aln 
( aftar Faulgaa ) vaa aiittaUgr good, Bnt i t aaa obaarvad titot 
traataaKt 9i tho aatarial for a Img ptriod vlth mci fcnr 
bjfdroljraia ( 10 aiatxtaa raiuirad for Faalgm atalalag ) aanaad 
braftka la ehroaoaoaaa* 
a 
for ttaiaiag vith orotla tlit root tips er Imt hv&§ ««r« 
lio«t«A la a Mlxturo of 1 J( aotto • oroola aolutlm «aA aaan»l 
h]rdbro«bliorle loid ( 9tl ) t i U U roaolitd aoar bolUag* Sio 
btatlag f(r«otM «»• ropwitodl tliroo to four tiatt tat aot 
ftUomA to boll* TM aotorial m» tlioa kopt la that otala for 
at loaat SO to 40 aiimtoa taH. thoa amariiod iaQ^ % 
aeoto • oorotla or aootooaralao. X^ or good aoparatlcin of 
aatapbaaa diroBoaoaasy ropaatad gantXa tapping ovor tha oofar 
aUp vitb tha blaat and of tha aaadla aft«r alightljr vandag 
tha alida gata f laa rainltt, Mttaphaaa plataa la ahlah tha 
ohroaoBoaas U^ flat vith a Bialaaa <sS owrlapplag vara 
aalaatad aod eaatra lueSda dratrSaga ware mda at a 
aagaiflofttloa of 6000 Z* 31idaa acra actda paraanaat and 
Bonatad la aa|»ral ( aocordlag to tha mathod of Barliagtoa 
and Xafioiair« 1986 ) • 
For aaiotio praparaticna floral bvda of appropriata 
alaa if«ra f land la ItS proploao alec^ol vlth a Uttla 
addition of 1 jl farrltt aoatata aolatloa < £ al of 1 j( farrla 
aaatata ao^ntloa la 20 a l of proplooo alaohol) for 48 hoara» 
traaifarraA to 70 $ alaohol, at«ad la tha rafrlgarator and 
atodlad vlthia ft to 80 daya, ftmaahaa praparad froa 1 fmae oU 
tftorad aatarlal gava aqaally good raaalto* All dbaarvatioaa 
vara aada froa proplonooaralaa avoaahaa* Amtooaraina uaa 
alao iitUA Imt pvopioaoaaraiaa «aa £rafarr«d alaoa i t gava 
a alaar alaiaing of ohroaoaoaoa lEsaving tha «]rtoplaaa 
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tmttftittid. Nlerofhotofrftjpbs sad mamtm lueida dnnrlJigt v«r« 
Md* trm tfA and p«nMA«at slidtt. For Miotie ttaditt 
29 to iM pUt«t i^ oB tftoh stag** lift*|li«M X Jwjitwgt I, 
AaajphMwi 22 tiidl tetrc'^ " «t«g«a tnur« etoriA, 
&M ataaiiraaaBta of okifOMVMMM if«r« md« froa «a»sm 
ItteMa dnnriDgt oalii® « wmptm «• well «• fvom diarmt 
BMLiBr«aMmt» ttom th« al«roteopt vith th« lialp dC oeaUr 
•ieroaatar* ti* mMrar«Mats wte fron th« drawlagt if«r« 
feuM to bo MTO eoitfwtiiniit oo i t uao ^wtfblt to MMuraro 
oonootSy oocih MgiHBit ot m chroooooao ni^ivh dM not l i t 
&a 0 atamli^t Uao* 1&«a tho iftaroaoaoaoo wan dapmm with ttio 
aid of oaaora Inelda tbo aagnifieatioa ma kopt eoao^ant* 3ho 
MtaphaM atagea uaro aalaetod froai aliioa vltioh ahonad « 
naifora kind of owdeaaatiaa doaianlJla for ooriiholagieal 
gtsudloa of dtsrOBoaoaoa. 3ho kaxyograaa vara dnum aftar 
attdyiag iiknm gnoA aataiiima plataa* 
FoSjn^ laldiy laui latnoid ^ oolobiaiaa traataa&t. 0*8 % 
oolclkioiaa aaa praparad ia 10 jl gSyaaria In diatiUad uatar* 
SlMOt apiaaa of young aaadlinga and axillu7 isoot apioaa 
of fnU groan plant a vara traatad with oolalkiolaa, MXVmxf 
ihoot ijpiaaa wara ai|mMd ligr ollpplng off tiHa Tong laairaa* 
Via ifroot tip ma ant off vary aloaa to tho apax bgr r«B«riag 
alMOt 0*i an of tho apiaal partial* Colahieiao waa appUad Itf 
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plm»ia$ Am^mA •ofctoa mtioA la eoXHilttlM tolutlaa on tb« 
w.% «aA »aA aidiag a f «w 9at9sm war* of Ml«hl«iii» tolntioi 
t« tti« b^MKlMaA wttOB. 1li« tY«at«A teandi ift« ttaggod wltli 
a po3ytli«M oofir to praviat focetaaifa avaporatioa* 
T)raata«Bt aat raptattd aoamSas 8*80 aai* aod avwiiag 8.80 p*a« 
and aontinuiA for 8 dagrt* lataraX btAa arialag from ttia a«arbgr 
aodaa balaa or aWva tba lavaX of tba i&oat apw traatod vitb 
ao^faiaiaa vtra WBOnd to istroaota tisa groirth of tlM 
tr^ Mitod iliieat* 
liia tsaatad isvaaohao vara aiGsaliMdIi during aax*]/ 
grovDi* Aqr ^Moga mggaotlag oolAioiaa offaat mm aotad 
and ilia affaatad InranfllMHi taggod for fturthar oXoot 
obaanation* ilbmaaeml growth bttunrdoor iadioativa of 
•oUMfiAxm poBatapati^ Hi tuA posaibit polyploidy iaolndad 
rafcardaHoe of growttit dlatortioa of laamM aod dark graan 
» d « h U I » l U .T» . I t h ]«<« . tomt. . y-' -
& mam aaaaa tba traataant vaa glfaa to tba floral 
Imda at aarSjr itaga 9t iafloraaoaaea initiation* fiiia 
traataant aaa found to ba aogi affaativa la abtaiaiag 
polyploid fartlla f lowtra la f^ ataril liytnrida* 
4«8 Pata an poUwi fi<Jbility and aaaittr«MWta 
w ^^apaaa^^a w ^^^K^^'^^^^^^^^J ^•WW ^ M V a^^wa> a r ^^a^ ^ ^^w^waa^iwa ^aJ^ ^ t^^^ ^^^WH^Mtf^wHi ^Hjiiw^Mw^waa 
ataiaad with aoataaaraiaa* A drop of X jl acwta «> aaraiaa 
aolatiaa aaa takan on a 8llda» tiM peUaa froa a fraiblar 
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op«Md wiihtar «&• iprlaklnd OT«r i t aM thm «of«r«a vltii 
• «OT«r«Up* It»Utii with d««p ctaia nr« •ootldwrtd viibl* 
aod thoM tint irart tny mU> itoimlEaxi or irar* wMklgr 
•taliitd v«r« tt>iitil«ri& M aon • Tiabl** Ipprodofttvagr 
SOO to 800 poUm gfmSxm item 2 to 8 frMbljr Q^xraodi 
f lovtra vwro oomtoA JA im^ OMO to otleolAto tbo 
{MKrotntago of irlAblllty* BsUtii mmmavamAB roproMnit 
tiko dl«wt«r of poXhm gfrnixm Isolatiiro of •^bmt aMii 
la pol«r fU»t Mi«inr«Mnits vcro ta3Effia aft tho mgaif loatloa 
of 180 ttting m oenlav adevoMter* 
4«7 Oil, diatillAtiOB and oaaSsrsig of tlw «h«iBiMi 
Ibo psreaatago of oil WM dotorsdxud t;;' dittiXliu^ 
th« XMYOS* fbe dietiU&tion ( hydvodistillAtioa vitb or 
without MlTrnt } «&« ttsrriod oat ia « elinningor 
tpp«rattui« Iw loavot voro eoiltetod in tb§ aoomliig and 
digtilXtd In tbo froih fora* Iho soigtiiiro eootoot of imf 
ima datoralaid la oacli mm aaparatalgr hf drying tha fraiii 
laavaa la an ovw at 100^ 0 for i t houra and aoiatnra 
paroaataga aaloulatad* Iha oil pareaataga la aaah oaaa la 
gitaa m aadst;ira fraa baaia. & apaalaa iliara aaaplMir 
paraaataga la tha oi l vaa hlgh« qvdlaaxy hjdrodiatiUatloa 
una f oiod to ba dJLff ianlt la dataralalag tha total o i l 
paroaatafa teaaaaa tha aaajhor iiaa fooai to aalidlfy la 
tha aoalanaaar* Siarafora« tf to 80 al of patrolaaa athav 
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to b« Aimol^nA toA «ollt«t aimg vitJi th« Mft of th« oil 
ia tho ooUootlag oolmm. %M oil. nlxttm i»« lator 
porif Sod l)!f «mpox«1iias tiM lol-mHA tgr pUoSag i t ovir 
ft iNttor • teth* 
Iho Bftjor flhoatoal ooastitvumta of tho osafntSitl. 
o i ls distilltd Hero doterfidnidl v l ^ tho holp of Or« faibigt 
of t^o BMKatial, oH ChioidLtftry Soetioii aM Hr* B. B« <7«la 
of tho (^ QgODitlcai Sooticn of tlio Btgiotal Bosmreb 
Iia}»07atos7, JFa»»i« Bo1& tHla lagrwr olKroMtOfmiijr aaft gMi 
ehroBatogmplQr vtM «lopt«d for thJ« piirpOM* 
Ibe oiia i^ iidit wnro fonnd to bo ooonoalwilly wlni^to 
for Industry fsrofii ppoXiaimvjr nibMrMtiaoo voro iffeoAitA 
in dotoiX V7 Br» V«ihiot gpd t&o oilg traaro ltit«r Muit to 
vsrioBft iadttftri«I firat for toftiag* 
» 
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UmwU^lcm (tf tilt eiwe&M xaAmt Snr«iiliatiai» 
A britf ftotflmt of flflrnl bieloiy aad terndSafi hetafttne of 
tiM ipMtM naAtr ImwtSgatioB* 
OrtoXoflttal IsviiblgftUoM oC OCM ^ f r * i «poel«t« 
Jait««P9tolfi« JvlnrliASatffeiani* 
2B«4t ) 
ft* HHUI 8^^ ( QuqilMr t^pot Ca • 88 ) « 
SI* IfllUiltW ^* "VKT* ilTTWlff*tf"** Bontlu (Hoti^ 
Si* Jtt l t t iHi ^* ^wr* tyiiMn««mn B«HitJi* ( Mgtiftl 
•teiuaato t^iw, »*ta i » ^ l i t f t iOT l »^ ( CittsX 
t j p t , &i» 7t ) 
•tmfUml tjfptt Snail/} 
OmmOm ( Gn^itar typo. tBaft ) m S* liiUipilllWBlfla t^ MilB  ( GnQitar typo. 8Bai9t , • Imf l l l i l l *• '"*- **T—* ini Btttth. ( Mitlif 1 
oi imwif ty^Ot to* 4$) 
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U i Citml typ», teatrt } X 
JbteotioB of antopolyflAi^f 
Qsnvtleal btsli for tfai liiii»vllAaoti (tf norloBs elMBleal 
eottStlttMal^ in tin •ssMtlaX aU» of tb* g«in» ftt^lffla 
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Glutptcr 6 
D153CaiF7K)N OF SFSOIES OlDSR IRVESTBiSlDlf 
Six [^Meies of fislfflttl alASff vlth th«ir difter*nt Turl«tl«t and 
g«ogr«phie»X raOM hatnt !>•«& tttc.£»l«d jn th« iir«8«nt isvtstigatlon, 
Although th«8« flpoeloB «r« voU Imovn^  coi^ >l«t« dosorlptions vlth 
aeMur«&»otft oi ftXl f toml oarfaas ax* Xadcitig, Siaea i t nat daaldid 
to oazxy out itndies on cgrtofttiatios and hybrMiaatiosi la this 
gaxma, a eooplata daseription of apaoles haa been pvaparad. Va;ri«tisa 
vithia a apaeiea have bean ooi^ ared and descvibed vl-& tha he]p of 
tablaa and polygrapha. Iha alx qpeoioa oon b« identiflad with tha 
halp of tha Isaj sir&a belov, 
«^ Staoda naeiXaginoue ^an wattod. Braota patlolate • . . . 
Baallieua groi^). 
Calyx larga ( 7-4,5 aa Ixxm ) 
Corolla 9-12 an losg . . . . i2. ^mof l l l !'• 
Corolla 6-8 na loag • • • • J2* aaariflamua L* 
Calyx anall ( S»5«5*S aa loag ) 
Corolla 8-4 m los^ . » ^ » Sl» K i^illliTllfs^arlwia Quarka 
Corolla 4.6-5«S aa long • • A* MB3B ^^^ 
B. Saada not auollaglnous vhan v»ttad« Braota aaaaila 
Siuoietaa group* 
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Pedio«La *s loog or lcitg«r than th* oaljrx 
GAjx Xob«e not strcmgly ii«nr«d « • • • • • jQ^. f i m o ^ t . 
P«lle«iL« ilu>rt«F then the calyx 
3»1 C|» qrooii Slat 
ELaots 95 to 4^  OS longji «recit* b(rbao«oa«» brmohodi froa tho 
t)»s^ pift»«eo«]it or lifils7 e-mails* toavos p«fticiiL«t«^  aanroviOijr 
«ELliptlo « laootf)late» «itlre or faintly too^«l. Infloraaotfioe 
13 to SO en loog «pilc«a* Braota pttti<dat«* Flovara at^aaosUo* f uo 
tq>p«r oBljrx lobea bRts7» lowar tim^ ovate-4aiiotolste» aieedif loag«r 
than 1^ 0 rotmdcd oppar* Flovara vary mall* GoroUa 4*S to 6 nm long* 
FilaaaotB 3.3 to 9*5 on lottig» baixy at tho kD«a* Stgrl e fxuepltiti 
to'eards stigma, 6*5 to 7«S am lone* Fralting Mlyx 8«S to 3*5 am 
l<mg, Sittli(ts vex7 loaUf 1«8 by 0*9 am tn alaay blaijk, aarrovSy 
laUpaoid* The i)la&ta ara propagated tgr aaaja* 
TvD cytotypee (Figs. 6.1 aad A.8) ona vith 2 n m H «ith 
linal<:>«(L aa the aaia oSioioal oooatitaaat in the oil and tba otbar 
vitb SD • 26 vlth oaapbor a« the aaio ehtfdoai otmatita«Eit in tha 
aaatttial oil v«ra atoiliol, t ompavativa »)rph<i(Logjr (tf tha tuo tgrpai 
ia glvin iA tb« ftblo 6.1 and pdygraj^i (Figt. 6.S and 6 .^ . Froa 
tba Tablo a« vAl aa th« polygrafjba i t ia afidast that aori^xilogioally 
tbMa t w tgrpaa ±> not «IdM.t naob dlff araaoai in tba asaaatlid. 
dharaotara. 
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6*S A* IfflaAiUWl &• 
PXuitt h«rbfttt«oat unmuiXa, 60 * 100 «•• hi(^, trtot* gUbrotis 
or fUchtlx hmixff Inrnndiad. Xi9af«8 potiolato, oTOt«-lane«o2At«, 
«eiuiaat«» toothtA or «itSr«| glabroas on both aurfaeosy gludulAr, 
grotn or dark groio in oolour. Xof lorosetQC* 15-Z5 oa long apiko 
or a ancb Itrandiad raecoa, oCtaa -Uigrrsoid. Bracts patlolato* Calyx 
gaBoa»paloaa» tvo Icwir tooth ofato-lAnooo]ato» awnod, longor than tho 
rotmlod uppor lobo. GoroUa 6 to 12 an long, vhite* toaetiaai viih 
ptcrpla tlago. FHaoonts fi to 9 on long, Jinthara vhito* Stylo pinkish 
in oolour* 9-12 an long, f^ralting oalyx 7 to 9*8 oa l<mg« Katlata 
2 OB bjr 1 isB in aiio, oUipsoidaX and bla<&« Sio plants are propagatad 
bgr 00^8 • 
fho apeoiM is highly polyioorphie. The froqiuent iatenmriotaX 
hybridisation leads to aach -variation and thus aakes the noaenolature 
nore oo^plax. fovx varieties ( Figs. 6.5 to 6.8 ) have been studied in 
detail and are included in the present report* tie tarietlsa oan 1M 
identified by the following ksy. 
•* 7Iotfers vhite, stea green 
Plants 85-45 oa high, leaves 2-8 aa long ••• Q, baai^ena L. var. 
IjygJilk Benth« 
Plants 60KL00 cas high leaves 4-8 aa long . . . XI* bMilieiui L. var. 
alabrataa Benth. 
B. Flonars pink^ stea purplish 
Slpikes siaple . . . A* baailieoa Xi. var. 
WgmgJlWnW Benth. 
Spikes thyrsoid . . . 2^* b||p4.^ .pi^  L. var. 
ttyf itf Imri Benth. 
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h ooaparatlT* aarphologj of ftUL th« 4 tarl«tUi is givwa la 
IkbU 6*2 aad polygraphs (Tig** 6.9 to 6«12 )• (U baaillodM t«r. 
gUbratma B«ath, (frinoh iMtil ) hat 'Uiroo ehoaloal l^ rp** doptadlog on 
thf pradoniaaaot of tit* throo eonatltuontt, oiftbgrl dutvieol, •tiganol 
or easfliior. In tholr ••Mntlal oiXs, lb* Mparatioa of Fronch basil 
into VBxUtj glateatna and tario^ difform eouM not ba folloiiad 
elaea tha cfaasaetar of oarlal laavaa on ^Uix ttia ytsU^y diffoafaa 
i s b«Md IAS found to bs a my mstabla oharaotar* Iba -fariatal nana 
glabrafaa iiaa» tliaraforo, pirafarrad for al l tba plants balonglng to 
IVandt b«sil« 
Plants 6£>il26 cm long, es9«ib, pabaaosnt, annual nndai^ |rturi^ a« 
I«Mvas pstiolatst omta or ovata-lanceolata, toothod or antira. 
Inf lorasoanoa 18«50 ca loog. Bracts patiolata. Flouar sisa iataraedlata 
batvaan £[• >«ailieaiB aod g, JHfiBB* Corolla tihita, 0.8«8,O aa long. 
Filsasnta 6-6.5 an long* Stylt porplinih touazds tha stlgaa. Fruiting calyx 
6-8 am long, Hatlats 2 m bgr 1 as in sisa, allipsoii and blaeik or dark 
brown* Plants 9x0 proptgatad bj sasds. 
fifo chaaioal raoss ( Figa. 6*18 and 6.14 )» ona vitb oitral aad 
tha other with nsthyl dmrtwl as ih* aajor eoagtittwnts la tha asssntial 
oilSf hava baaa iaoladad In tha prasant invastlgation* A eoq[»ratiTa 
•orphologjr of thass two cfaaaotTpas is given in Ubla 6*9 and polygraphs 
(Figs. 6.1fi aad €J.e ) . Kroa tha UbU as wall as froa tha polygraphs 
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iMVi ugr •ifaiflMuil wvl«ki«i Sa tli« MMmtlAl AaamtUeni* 
flasfti 100^450 «• loogf aoili teftMlMAy ptBbtma^ m htirft 
9pntAim» pmvmimX mditralarflbt ( l^lii* tA? «ai t^lt }• IIMVM 
p«ti02ftt«»omtt or tfbJmg^ MIII«« amrw ftt baM| 4Mp3^ •trratiili 
lower 
im«tt pftSolftt* «M htisf* G»3g« fv«^iia«lr IktlnAf tuo/^lfx tMUi 
ev&t«i4ft]iMolatt» leagcr tla«i tiw i^ptr MiiaAtA* OoreUi irfii^« 
6«0 • • Iffig* Filaatooftt vnry loqg, mueif tviot tlw iMigtIi «t •vHm 
viHi 14 to i6 i» loot* }^«(iiff« ftiXltmt or ovMfo MA* Otylt lioag«r» 
•ImAn, 10«6 to U«5 m lioqgt Ikmitlag «i2afx tMOit 4 to B«i M long* 
itttlito tro Uko thOM of jg* JUtt ^ "^^  «^^ l«f M ^ OiS HI la oisof 
BMWovIgr oUlpoold end bloik* iio p2i»to ooalA te froi&^to& tgr 
MoAo or vnf^ rtotivoSr V Otttt&at** 
floflti 4ftd80 on l«ag» «o«t» teftsAidy ooMtlMi voofly bolov^ 
•oftly luiiay« pwooalal oar hSmmimX wtdoritoiAt* ZoAfoo pottototo* 
obloott ifctiiM oBtlaro or oonnitot otantoly gUaA doltoAi purpUA or 
gvoooiiti la ooloor* bflarottoooo t«li « loag qplkot* 8roits IOMUO* 
Vlowwo OMU* pnrpUiii m «rlMOo ia ooloor* foiloola as long aa or 
loagtr Hun tlio Oilyx* Calyx IIMVIII 8-*S^ -r. loag* two lavtr oalya toatb 
aro laagor ttaa tiio InraaAlgr «lil«og vypar Up* CovoUa •aaU.f l«9-4«i aa 
loag» aoMTOol/ iaooolim tto oaljrx* filaaoata 4<4 ai loag» asamrtod* 
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kBM fU]0Mi •BtlMgrt fllaw to plakUb MA* &tyl« 6-4 •§ long* 
nraltl«g wSyx S*4*S «i l«iig on m tlaoAcr ptdlietl* lotlfto 1«S mi by 
1*8 Ml ID BU; glio^M or mihgldbeMt fftlo tarom «v roiiaiali with 
l»U«k Mrkiagti not nt^IsgSiKnn vhoa wttod* Plaoto oro prqpaifttoa 
by tooAt* 
ftM» two j^Tpot laelmlod in tbo parosflot Snfostlgaliloti aro tho 
gtota tgrpo (uad tho paxpJm tgrpo* A ooi^triion ot mortboJagimX tmtvanm 
of IboM two typos io giwa In 3M>It 6*4 and prMMotod In tlio 
jj^ lygvajplko ( figo* StlS aad 6*20 )* 
6«8 0« ggmtiotiwai !>• 
Flaiito tallf iSO-SOO ea bl|^» oueti bnuidbtod poromjlol •hrvibo 
looYo l^argo tfitli Iflog potlolof) otato* eoaraolgr croaatOf aonratot 
gland tettol and jutfrateont on boto siatfaoai* Xatlaroseoneo 6-20 c» 
loag teaadiai raeaao* flmmt snali^ palo groeniulk or jroXlow in ooljoor* 
Pidieola tiharUft tban tho oaljrs* Calyx ptibosoant 4-5*5 an loag* fiio 
lovir oalys tooUi iharpar than ^ o roondad i^ ppar iip iitil<h ia tolnad 
and vqpoorfad la froits tbna oloaing tba aaads laaldo tfao oalyx 
Uko a lid or tlap* Corolla aaail^ hardly oxeoading tbo oalyx* 
FilaMBta tKaMrtad, 5«5^ as long* tiio uppor filaaante vllh baarded 
tooth at tbo baaOf anthara yallev* Areitlag oalyx 0-8,5 am longp 
otroagly aarvod* lotlita i.S aa by 1*2 aa or JL,4 aa by 1.4 • • in alao» 
aakgUhoao aad hroaat aot aneilaglnoaa i^ ban avttad. Iho planta aro 
propafatod by aooda* 
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9i« two cgrtotypttf on« with 2a • 82 and th« other with 2a • 40 
QhroaoMBUit art lne]xid«d In ihn pment isvedtisatlon* A oo^paratlt* 
mti^logy of th« tvo t7p«s is gifttn la Ikbl* 6.5 and polygraphs 
(Flgt, 6.21 ani 6. 22 )• 
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Ghajpit«r 7 
A mm- iccouiT Of ms niOMi. asiosx AW miSDiMQ 
A kaoifli^g* of floral ^tol^gr latlMisg tlM bl«o>l«g MMoa» 
tSJM of i9»atiig <tf 1 ^ f lflif«rs» «stli«ti« mA rtm^lriHf «r ct%M 
is MMBtiftX jiriaugr r«(|Qiv«wnt of Mjf foiial byifling progimMM* 
9i«Nif«r« i t iiM plAimaA to mko Boooofluy oibMrMtioii vitb 
v«0UrA to thoao •ap&An b«for« lattSfitlag ttio l^tePMIsftticn 
prognuno* %io stollos vcro «4« dwlRS i9TL»7S» & IMMO OIIM* tho 
ebaormtioM «•!>• r^MAtod* In ^ o «tm of 0» liagiHeop &* «i]r« itolm 
Boath* ; ^ jQ* JSKQW d^*" (fo * S4 ) ftraa Wm^%^ th« dHnertsfclont nor* 
mdo la 1978* AU the dfttft wtro oolloetod tnAor fi«2A etMitlOQ* la 
JftHHi* Zho Qb8«nnitl09<i (ure inntrlsoa boloir* 
Dibit 7«1 prtMottt tlM dUit* (tf f lamnriog poriod t&ltii laoladot tbo 
dfttot of InitlAtion of inf lor«ic@aot« tbo datos of Xgt f lomir opoaod 
•M tho dumtloB of f louorliig. Si «11 ggtmUm mams^ ft* ETftHl l i l i • » ! 
fi« MlifBITftlffflirllill ^ ^ InitlAtioa of litfloroMtaoo m^ ia ^am to 
Mrly ^tiay* & liio mm of ||t* fH^lttoWi i^t^lM ttM IMtiatlaB of 
iiif larotiVMt V M IAIMMCIWI ligr tiio oed of JNUjr and la i2* IfMHIfflitlBltMlTllBI 
is 9»Jif AifMt* Hi mix tbo iKifM ih* Xft flotrar oponod witbls IS to 20 
Aikft afior tho SaltSAtloB of Siifler«a««a«»» 
HyilHI* fin iMMronnlAl opooiM fi* mtllillfflMl MA fi« lUUJMOdyiriHiiMI* 
tbt ylMtt oontinMA to floirar t i l l l i td CTmrtiwr or «pto tfco aJidlt 
* B*f«r8 to the opening of anthar aad shedding of pollen. 
00 
«f jAswory* 1k« a&H vlttUr S» 1811 M i 197S %UmnA %1I«M pXuito to 
f iMftr vfiM «Qp(to fibrouy 197I* But ta tli« uaatuftl]/ aoU 
wlotiv of lOTlf iilitft tlw tmytmiiiro foU d«m lui lov «• Ql'% ia 
•Idite DoetAwf tiio flOHtrtiig In tb»m tm q^MiM slo^oA i» 
Dootabtv* l»at I t « a b« w ^ thot tli« f lonwlag ia fiUm spoetoi 
i t tffMtii l Igr tho fIsttiMtioot la tt^parstwo* 
tie aoiMia muA MA la aU tha ajpaolM wm durSag Mig«ft« 
Sai^ tOEitar assA Wbdbmt aft«r Httlo^ ^«r« was oonaldavabla ^tifop la tiia 
WHA aat* Zb IMS alM laNareitlag to ooto that tho tmtA Mt uui irargr 
peot I t t^o daars ««ro olooflif cr I f I t talaid darlag f lawriiiv* 3% 
mr poaalbly ba Oaa to tlta pttaMft aotivlt^ of tbo polllaitara* (teas), 
dtoplag tti«Mi digrsi i t mtf alao tm doa to tba nattSng or wAie^ arasr 
miA (ipaiUag of poUan fegr taiaa* 
Cta Of«iti« of f3Leirara» tfiyiaala aad polHaatiaa ato* «or« 
alao dbsarrad aad tha vaaolta aro stutaarlaad la Skbla 7«2* la «U 
aasaaf oa tel^ltt maa^ dagrot tha f Irat f lauar apaaad bataaaa 7 aail 
• a«a« and aoofelanaA t i U U a«a* to IS aooo* b aasa of 
S* fcm»^"ftMfaigi<«« tba f leii«r« aaatlaiia to oftn apto 8 p»B« fii 
n^ Ttr***"* *"* f ' gMtiaalifmiL :„ ~ .Uo flaaara epaaad bafora 9*80 a«a« 
iMetlMMiia aaft rtwdlfllag of poUaa ia aogt aatwa oeaarrad vlthla 
fiO to 91 aiaotaa of tha opaalag of flanar (libla 7*2 ) • Xi 
£ • ItlH'ii'^aihirlma i t took about $& to i to almtaa Sm tha aathar 
to dehisce aal ihad tha pallaa* Xi £• taaataa aaA g, apatlaalaay 
apaalaa thia iq» mm oaljr ft to 10 alaataa* Via f 2oMar la mtb aaaaa 
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r«i«lJMd optn for 8 to 48 honrt aft«r liiieh th« oorolla aloog vlbh 
th« stwunt and style vlth«r«l imay and dropp«l iMTlag th« oalyx 
ttljoiM garroiiailag the ofax7* 
ttke peealSar adaptation of f lotrere of QsiSBM tp^eim f oar 
pollination is worth nnationiiig. fixe flouere ore protandroae. M 
the tine of •ntheeie and idiedding of pollen la the noarolng« the 
bifiA etlgaa is s t i l l inature and the stlgaatio ItibBB are closed, 
la the ease of £• kilimaaeehari«MB and £* hasilictui speoies the 
style does not OCOMI oat of the corolla tvibe and is ineorved at the 
time of aathesis* & ig;. basilictm varieties the style stralehten 
np and the stigostio lobes open tip completely after about 50 nlmtes 
of oothesis iihen nearly al l the pollen has be«i i^ ed froa the anther. 
In jS* H j^lillffllrfi^ iharIcuB t&e ert^ le ny remaia iaetonrad inside tiie 
corolla tnbe or say bead acifay from the anthers at the tioe of antheeia 
and straighten up only 2 or 8 hours after the aheddiog of poUtti. 
Pollination takes place hj the dusting of pollengrains brought 
by bees om the stigna* 
To study the extent of self c(»patlbility, self ing eaqiMoriaents 
were carried out in al l the ipecies. the results are prcMated Sa 
liable 7.8. ATM l^e Skble it is evident that although the aeed set 
by self ing was considerably reduced in a l l oases» the spaoies are not 
completely self sterile. & case of Q» eamm. aelfing gave a seed set 
of e5.J8( to 28.1^ oootpared to 79$ to 81$ in the open pollinated plants* 
9ras there was a reduction la the total seed sat by 50«i$ to 58.7%. 
^ A* basilicuB varieties the seed act was reduced froa 84 to 70$ 
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by ••Uriiig, JQ, baeiliettM f«r. pornuraaoanct «ihiblttd th« Btfclau 
raduotioa in sMd Mt, that la* 10$* la J2« •aaarioamui typaa thla 
diffaranea iiaa 44^ to 61^. £• kill'aanaaebariCHB the radnetleni la 2(0. 
lajO* aaaetim typaa tha dlfferaaea «aa aaah louar with 19^ in tha 
graaa typa and 28^ in tha patpU typa. In Si. ffTHftimW ••l'ia« 
raduead aaad aat to 27.14( in ease of 2a « 82 typa and to 429( in 
eaaa of 2a » 40 typa* Bat vhan oonparad to tha aaad aat of the open 
pollinated pls^ta* thia pereaataga waa not very lov ainee tha 
difference ma only 27.6 and 21 •O ,^ i^oo the paruaal of the 2hble 
i t ia thus evident that speeiea are able to set ae«d evan if the 
indlTidual plants are isolated. 
To study the extent oi oi2t*4»reedlng in the different apeoiea 
of Qcittn gttms tnolMed in the preeent lave stigation, a progeny teat 
of open pollinated planta fron eadi tazon ma oarried oat. All the 
apeeiea inoluded in tha study vere groun in nearby beds. Ihe aeada 
oolleeted froa the open pollioatod plants vere sown separately and 
progenies obtained vara analysed to diedc t&e presence of any hybrid 
form* Ikble 7.4 preaenta the results of the cAtserfation* Aroa tbe 
Ittble it may be noted that the extent of out-breeding capacity vuries 
froa speeiea to speeiss. Oxt-breeding ia nature ia fi* I'Al^ ir'^ ffiffr '^^ i^r 
fi* IBIflTfll (both the types) and Jg* grfttttftTIW (both the typos) ia 
ooB^lately absent, la jQ. eamm (2n » 26, eaaphor type ) the oot-breeding 
i s very poor and only 4 hybrid form observed out of 1000 progenies 
eheeked. Of tbese three vere the hybrids between the oytotypes and 
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th« other cam «»« aa iattorfpMifio hylnrid foni pogfibly produofd 
bj crossing vitb £• l>iimTOI tar. oiCBnaiSlBfll* 24 liybrld fonu 
iroro UolAtoA from th« lOOO plants unalgrMd froM th« progtnits of 
SI* 9tuaBm ( 2n • £i» liaalool ITPD) • Of tlioso 6 voro appoarod to ba 
hybrid batveaa tha cgrtotypaa and tha othar 18 vara latarapaolfle 
fozaa* Iheaa Sntarapaalf io hytirid foraa inolndad hgrhriia batwean 
a l l tha 4 vevlatlaa of fi» baailioiui and thera ma no hybrid batvan 
any othar apaoiaa of Ooinui* M31 tha 4 £• frllUillilTHffi muriatiaa 
vara found to ba batt«r ont-braadwra* 9ia pareantage of aat-tnraadlog 
in 12* baailictua -variatiaa mriad froa 6.23( to 17«7)(« 9ia pareantaga 
of intarapaeifio hybrids la ihw vara betiiaan 0«49t to 1«6S(« In the 
proganios of tha tiro j). aaaricaima typas attaly8ad,a»thyl chavieol 
typa vas found to ba a battar otxt-^rossar than l^a eitral typa* 
£• aiwrioanoft natby^ l cbavieol typa had tha out oroasing paroantaga 
19% and th« eitral typa had 9%* Bowavar, tha intarapaeifio hybrids 
in thasa tvo vara lov as tha paroantaga vas batiiaan 0«6 and £«S* 
9ia aueeaaa of fartill«ation and anbaaquant davalopaant of tha 
aobryo oould ba lafarrad from tha ebangaa cbservad in tha oalyz tids>a 
within thraa or four daya of pollination* If fartiliaation la 
aaoeassful and tha aidbxyo atarta grovlag, tha ealyx grovs and 
ineraasa in aiaa* ST polUnaticm is not affaetira and fartilisatio& 
doaa not take pf|aea« tha, oalyx tnba does not grow and ttiara ia no 
ineraasa ia aiaa of oalyx. Iha period of tlna raquirad for tha 
aaturatioB of saada in dlffwant spaelaa variaa* Ta <Q« JUBUi 
tha aaad naturad between 80 to 4S or SO to 50 days. In J2* baaillcnn 
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varlttlM HiiM p«riod la JU to 50 or Jm to 55 days and ia Q» aMegleamia 
50 to SO daya. & JQ* lcili»nda<tf«MPlcMi this period i s SO to 55 days. 
^ k* M"M>*'0'i "^^ period ia 25 to 40 daya and in J^ , fi;ratia|il»Mi 55 
to 60 daya* tie tine required for seed naturity in jg, kiliaatideifcaricna 
tMkS tbna eoKparatiToly loif* 
After the aeeda aatnre, they st i l l remin within the fruiting 
oalyat for aoae days. 2a oaae of artifioial orosaea betveen variotiaa 
or speoiaay i t vaa obaenrad that the aeeda take loore time to mature 
aal iBOMdlately aftor laaturity they are dropped from the fruiting calyx, 
8o» ia aueh oaaea^ i t vaa neceaaary to eollaot the aeeda ionudiately 
after the Med a began to change color from white to broim or dark brown. 
Ooilaan aeeda KtotUaxeSy do not seem to have any sort of eeed 
dorBan<;sr since they geroiaate within 10 to 15 daya after harvBst la 
case of seeds sown la soil or wJthla two or three daya la case of 
seeds placed on wet filter paper in petridi^ and kept %t 26 + £ C, 
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camwamih jsrsatmtsvim m aom o&sm ssmm 
k dctoilid iBVtstlffttloii of ib» ihfoaaio— »n*«»» 
g«iew M^plM«tlt• of t ls tpMitty wM mrtitA oat* fiio vofolto 
•vo tolof Igr doeorlboA bolov* 
GhvoBOfOM oowto of £• ABHIS'** ( v^o t^totf^u } 
fi* iHltlllltll I»« ( 4 vttlol^lot ) t Hi* uMgiflfffimL, ( tifo elioco i^pot ) 
fi* k lUMMlAt f i i a i Qoorlcot jGt* MMrt-l'- &• < tHO aoirpiiologloU, 
typot}» oaill fl* g f f i l l i i t l l ( two oytot^ poo ) luito bo«i Mflo 
( l i f t * • • ! to 84A ) • Sho oiurfMOMMi aiulMro of a l l tboM t o n 
m §Um to ttblo 8*1 olongvStH tte oirllov viqpaopto* 
Iho pvotoot oBoata of fti • M te &• J U t t ^ ^ M ( p3iMito 
rolool igm tooi oktolMA fJroB Voot AArloo )» fti « 48 l» 
A* feUiiUai !»• Mid its foor wrlotloo« to « Ti is 
ft* lUUmAul lX lMI <i>Mvl»» te « i t 1» D« m t l M !•• oal 8A « 40 
t» A* frill88lBBi ^* *iV** ^ ^ ^ * •mtUm roperto ( Ooli^ ioti1r1» 
1887| fmanmp iMf^ Boso A Gli«irtlM«art i888i ^9n$ Wmn, 188Qf 
flMi*vo ot ol.» 18801 Mnrtoo, 1888| oad Mrinro *QU1» ISTB ) • 
Iho oiwoaoioat wiAoro ta « 88 l» ft* J M H 8 I M » 8 I « 78 la 
&• iMKllMBHI t« n i 8o • 88 la £• g f l t U a l l ^* * M A*** Mporto 
( Sohti ot ol««18Y8f la proio ) • 
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•lihtri la dUt«r«Ki 9pMim9 of fiilai mf i t i t th* 
• f t M taat amlMM x « 8 aol x • i t * fi* j u n S t^M* 
ft* M i l U m •^v A* iiflciMHiiLJ^ *xi ft* ttMiiidliiiirliiiiii 
QvMilui f l m havt x * iS (ui IfeM basio tfUNMMNMMi aartNHr* Si 
ft* JUinTlfflff !>• SUA ft* gTl l l l l lMl !•* i t i f x • • • lui uaAm 
8a ^ as Sa A* mtM tpMlM i t tlm* m aavi^lail 4ii« to tha 
aiittloa of tM iteoMa»atg to tto Al^ pioM la » M £« 
UkaviaaA. ap^ w^ p^w ^MB a^F t^^K viaa ^wi^HWiaF'MMMM 
at tlM haaaploil laval viHi ^w aA&ition of f oar I^xraaoaoBaa 
to tha aoraal ta « f t •hroaoaaaaa* 
6«t 
fita luupfotfiia of aix apMlaa of IHIIBMI t^Sa** jQ* StBM ^^^ 
C t«o iytotgryaa )§ ft* iMlTlTWI ( ^ laariatlaa )» ft* flitflimniif t* 
( t«a chaaotiTpoa )# fi* lllteinftHiTlirlWi Qaarko fi* j u t i y i ^* 
( tao aov|ibolagiati V;paa ) aaA JB* lali&llJiMI I * < tao aitotj^aa } 
haa baaa atnilad* asaaa a l l tlw fotaa IxfaatlgataA hava 
hoaolaioaa aloroMaeaa jiaira la tha <li|>lold aata* only tfao 
haplold tafjrotjfpa aaa AataraJaaA* Iha apaaiaa ara tvaataA 
aalar tao aaatima *A* aaA *•* oa tlM baaia of thaiy taxoooaia 
• ' ft* mmm» ft* Mi*?fff— •°A ft* tflllMmrfnt^rlffla x • i t 
aa tJMi taaia atooaoasaa aaabar. ia«ti<» *B* aaaaiata of j2* J l i t ln i 
aai 0* gtatiaalaaa vltli x " • aa tha Wala 
tha kngragtaaa la balh tha aaatioaa haT* INMU arraagaA 
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MMf41i« to tte ptoMy Itwl •terting with dl|>lold« 9M 
•HIMMt vitBia tbs MM ploldjr grwp Is on ^ « bfttig of « ^ 
t»lal iteflMtIa l««tli . 
S» oike tho knyogMBf tb« «at i^ eteowiMM Ittagtli HM 
Ukm Ixfco tMitllMmtiM, 9^ ttuomwamB vim y»f>«t«iitti ftrw 
lMg«st to tbo •MlUiti 
fto nrioilM IB tho otoraaoMiio l«igtti UM grtdsol aalt 
iterofosrot a OIMV «I« oloM&fiiatiai of oteoaofOMo Isfeo 
4itf0r«at voU tefJaoA gioi^* « M difflmlt* Marnbologieal 
•hivMUro of iadtviltiol otaroBOooMt «ro ohowi villi ttio 
•otnol •wfoyoHato* &o volstito iMgtli ( IU» ) loffotooto tho 
voile la ptroonfeogo of iMfth of tho laAivMuol ohvoaoiOMo to 
tho total Ungth of tho irflolo oluraaoooatt la tte diploJA oot* 
of 
torn of ilisoaoosao dopoada oa tho pooitloa/otBtrMno oal la 
ihOHa ao tho f J(* vo|VOi«itlag tho yatlo la porotatogo of 
UmHk of tiM th«vt Mm to tho lAola loagth of tho lall'ddwl 
oh»OBoo»ao« 9M pooltioa of otatroaoro io donotod hr aadl«i» 
gidMidlfli* aiftiltdMlaal oal ttfalnal vith voforoaoo to F Hi 
aad tho t«ralaoI«B3r of laiaa ( 19ti ) , atooooHtvlOy 
sihaoooooatrla« OHMolaotBtvla oal tolaooatrlo io «Md» f $ 
hotoow 41 Old 10 lidiiatot atoootatrlo oteo»aoaoo hitiiooa M «al 
4i arihaMotoatvlo ohvaaooMioo hotnooa if oal M artitolaooatvlOt 
toAp holoa l i taloooatvlo ihvoaogMMO* SCitolUto ohvoaoooaM 
oottM ho ilhotrfod la two t a n oalyi oao la £f HKlttMi ^* 
ohaaotypo lo . i aad 0B0th«r la JB, |i'*'fffrr fct^Mr* mrraarm g | Btath, 
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3k oth«r «iiM» i t aiar be pofiuip* dut to •oadmntien that 
Mt«l]lt«f oonldi not b« Xe«tt«di* i8i«r«f«r thij «r« tmoA thty 
mf •hmjB ia ptSra* & th« kwyogimni, they mt; bovcvw^ 
WTTAi^ aA ftloagvltb othar duronofoaea on t2i« batia of t&«lr 'total 
langtii. &• cliiraiK»acHM8 ara niaa^ araA and aanrangad la tba l^blas 
ia a«eoinfam<Ni with tha aaqinnea ahono la thalr veapaetita 
kaxTogpum* Iba detaila ot ih9 ]a«70laeicaX vtadiaa are givaa balov* 
g.2ii Paaarlpfciao <rf tha KMnrotfPt 
S«otl<«i4 
Spaolaa with baaia daosoBows» nm^ bar s «18 
<brtotypa lfo« i ( gn a 24 ) 
7I«« 8* 14* 1 ihova tha karyotype of tha hapXold aet of 
^rsaoeoaas* Iha datails of ahroBosoae aorphology ara presantaa 
in flubla 6*2 • F^ roa tha lauTOgraa M vail aa trtm tha paruaal of 
tha I'ablt i t ia avidant that tha lasgth of IndiTidval ehroaoaoBas 
•hova a gradaal aurlatioa rangtag ITCSB iya to £•? ^ , Iha 
ralatita laagth of Indivldiaal ^uroaoaoaa mrUin froa tA to 5»B« 
All tha ahroaoaaaaa hava f )( 60 axoapt atal>ara i aatl • ahiih hava 
f }( 48 aad 48« Sma a l l ara •taoatatvio with nadlaa aantronaraa. 
Iha total ahyoaatSn laagth of tha diploid fat ia 4fi»4 ya. 
S4 
Fig, ••14«t 9bOM %hm bajfloiA kavgrot^ iM, Sit dttaiXi (tf 
«liro«MmMNi Mrpbolosjr i r * fffwrnttntA in ftU* 6»8. VnMi %im 
kaaefogn» «• m i l •§ fvom tht ptruMd of tte ftlbl* I t i« «bvloi» 
tittt tJM Itngtb f«riRtiimf of tbt tlvowtoat oo^plfwitt «r« 
gnUhuI maging ttom 1^ to S«Ay« toa volatlfo Xongth wr io i 
fv(MB 8 to 8*2* AU oisoaoaoaot oxoopt aturiMnw 8» 7 oiia 8 imw 
f% to at 46 moA (Sf tiiw MWOMtrlo vith Mdim orotroacroi. 
GbvoBOSOBtt Sf 7 ftBi • i»to f^ S9, 40 oaA 48 xo«pootlto37» 
71iM« ofarcMCMRMMtf t in* «ro tttlataoontrlo with gabittdltfi 
ooatroaovM* ttm total olvomtia Uogth of tha diploid aat la 
81«4AI» 
AH tfaa 4 vtflatlaa laolndad la tfaa prMaat ctadsr faMo 
Sa « 48 eteoaosoaaa, Alttoogii ttelr kaiyotn>M roaoiiblo la 
goaaral vith Mgard to tiatir otaroaoaoaa aorphologf, thior «ro not 
ooapUtely idaotiOAl* n» total otaroaatla laagth ia alao dUforoat la 
oaoh tarla^* fba liaxrogMBa la tte f iguro aro arraagod oo tte bad* 
of tlMlr total olvoMtla l«i«tli* 
SI* IHIIiTillMI «^ var. llaJHi Baatlu 
r ig, 8 JL4*I ateNa tlia kaplold kaiyotTpo, Sba dataUa of 
olvoaoooaaa aorphoUgjr aro pvoaaatad la lOtla ••4* lro« tlia 
kavyagxaa aa nail • • fv«« tlia pavoaal 9t tto IWblo i t la orldaat 
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tliat th« vKTlatlOQ oi l«ngth of Indiridual ohroDosome i s gradual* 
Tht length ot iodlYidual ohroBosoaea rang«8 frcn 1.2 /u to 
2,8 At and reUti-v* length fari«« tram 1.8 to 2.9. All 
ehroiDoaous «xetp(t muobers 1 , 2 and 8 haT» F % batutasa 45 and 
60 and tbarafora tha7 are me@ocentrlo with ffledlan eantrooeree* 
Huabera 1 and 8 both hata F % 48 and number 2 haa 40» thua 
making tham fabasaoeantrie chrcntoaomaa with aubmedian eentromarea. 
file total cbromatJA length of the diploid aet la 98*8 /a • 
fi* IWtUtftBff ^* v<ur. gJftVrt^ tMi Benth* 
Fig* 8*14*4 ahoira the haploid karyogram and lU>la 8*S 
ejtplaina the detalla of ehromoaoma morphology of indlTidual 
diroBoaoaaa* Arom the karyogram aa nail aa from the peruaal 
of the Sible It ia evident that the d^ romoaome coiqilafflanta exhibit 
a gr^ual tariatioa in length. The length of individual ebromoaomea 
rangea from 1.0 /a to 8*0 ya and relative length variaa from 
0*9 to 2*8* All the <tooaoaoaea ezoept nuoi>er 21 have F % 
between 45 and 80 and are therefore meaooantrio with aadian 
eentroBwea* Ghromoaome 21 haa t % 44 only* It l a , therefore* 
aabmaaoeantrlo with aubmedian oentronere* The total chromatin 
length of the diploid aet ia 108*4 yu . 
i^ * HttUffM !•• y»r. thvrelflort Benth* 
Fig* 8*14*5 ahoira the kary^ram of the haploid aet of 
ahromoaomea* The aorphologloal detalla of the chromoaomea are 
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pr«Matid ta tkblit e*6. Froi tti« Imsjofpttm M vtU M fro* th« 
fwmwJL of thtt IMXt i t ! • «l«ar that th« «iuroM«iM eoapl«a«at« 
in this fiarUtj »IBO aboir « gnAuaX fwri&tioa la th«lr indlvidtml 
Itngth xttBglng trm 1 ^ to 8*4 A« 1I« Mlatif* Imgtii of 
ia&lTSAiMiI ohroaMOMt mvlet fvo» 0.9 to 5«0* AU tbo 
«broaoM«it toceopt 10 liavt f % bctnotn 4S and S0» ttnw thojr 
tarn MtoMatarlo %fitb M&ian esatroMrot. tho otooBotoM 18 hat 
V $ 23 toA ttma i t i» mfbtoloeaatrio vith atMarniaal oentrc«ar«« 
3ha total ctooaatia langtb of tha diploid oat i t 114 ya • 
fi* SttjO^ MSSi X^  mar* BttTPWiifiTO?! B»^* 
71c • 8 •14*6 0ho»8 tjit baplold kcKTsrotypa, 3he datails of 
wxatj^ol^ff <tf tiva lodiirMual diroaK>«08»8 ara givwa la Ikbla 8.7. 
Zt ia avidaat fron tha ttajryogrut M vail aa firoa tha paroMl of 
tba Ikbla that it also is HMm tha other twriatias dasovibad 
aarliar. Xb aidkihita a variatiim la langth of individual 
(^ranosoats, ranging from 1*2 yn to S.4 ya • fha ralativa 
langth also varias twm 1 to 8, All tha #uro»osoiNS ezeapt 
nutiMt t ara aasoaaatrio vith aadiaa aantarooaras and hava F % 
hatvaaa 45 and 80* Garoaoaena Z has W % K ead tharafora i t i s 
anhaasosantria with subaadiaa oantroaara; • Quroaososa 8 hat a 
aatallita. Iha total «tiroaatla langth of tha diploid sat i s 
U8ya • 
7 
i*«Mrti»liMMi la th«lv fig«tatl«i «nr|itiol«K]r» ttitsr did differ IA 
th«lr kurotjrpt 3a detail* 
Ciiaaotypa !•» 1 ( Hithyl dwHiel. type ) 
rig, 804*7 fhova tte haplold kwryogxwa* Via aorpbola^i«al 
dataile of laAlvldiial ehvoaofoaM sra pmamt^i la Ikibia 0«6, 
Fv<» the kayycigras a* twU aa txw tha paragki of tlia %ri>lat 
i t ia avJdwat that tiia laagtil of ladiYldnal. ohroaoioaM magaa 
froB 1*8 Ai to 4<^ At* 3ha vaJativt lasgtli farla* itom 0*7 to 
e#9* Xba ctooaotoatt 9» 4^ 7i 12, U , JU), SOf ltl« SS, 88, aal 
84 liata F $ botiMM 4S and 00 aad «ra ^arif ora nMooaotria vith 
Mdin otatroatras* Qm»9toa» annfeare I , 8, 6, 6, 8» 0» 10, 
11, 14 auKi 16 bxf f % betataa fiS and 44 and art «i£baMO««st9pio 
wiHt mltmtAUn futyoaayag* Aatbaiigh ttooaoMaao 1, 5 aM 10 «M 
gobaeio—alrio, tlMy p9§m9§ MtaUitas an tiaalr ab«rtar MNM* 
fha total «toQ«itla Umi^ o< 1>ha diploid oot i t 17t*6 ^ 
Oiia—typo ia* 8 ( Citeal tyyo ) 
rif* taldtt thaws tba teplold ktsyosma* Iba details of the 
ladlTldaal aiivoaaatMtii are fffefeated la fhbla 6«9» froa the 
kaiyograa aa well at froa the paroaal of the Tel»le It ia elaer 
that the length of iaiividaal ehroaBOoaea reageo froa 1*4 M 
to 4*4 y« • iM relatifa leagth anrloi froa 0*7 to 8*8* 411 the 
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•0 Kadi ar« tii«rtff«ir« atgcMWilrle villi MdlcB osotHroMonis* 
QhroMfMWt 8» •» 19« 17 and SO hai« f % bvWew f7 «aA 48 aoA 
ar« tharitfflar* fidHtKHNnitrio witti sdMMMlitD <Miitr<MMM»* ! • 
•AteUt^NM •ottld to <Jli««rf«d la ihlm %fp»* I w totiU «liroiatlii 
f ig* •4.4«9 tkmm tli9 hftplold Icirjragrwi* tb» MrpbologiMl 
d«talUi of til* InliTMTuiI €xtowomm «r« pruMottd ia ttblt 8«i0» 
I^«B t!M tt2»3rogr«« at iftU M fyott t^« p«ant«il. of th9 lU>lm i t 
i » «nr]d«nt tiwt tiia laagth of toAivldtial ^nmomm Aova gt«dtml 
n , l . » l a i n«gu« are. 14) / » to 8.7 ^ tt. n l . « t « l««th 
alto mrl t t IroiB 0*7 to l«e» All tbo thr<»otoiBtt axotpt !# &» 19^ 
28* ai aol 94 tiaft F |( tatttta 4S aai $Q «ad axt atBOCwntrie 
vith Mili«i otatroMtPtt* Qufowwiatt 1» S» 28 and 91 ha-vt 7 % 
tatwita 39 ofli 44 and th«r«f ort ara •abnMetvstarlo vitli ttibatdlan 
ttntvoMBrat* Gbroaoaoatt IB and 84 havt f % IMHWMII S8 and 80 
and ara l^ wraCora tidltalooaaterit iritis tubtaredaal ani^roiwrat* 
Via tatal «lur«Mttit hmgih of th« di|)loiil tat is 148 yt . 
8 t t t l M • 
Syaaitt i f i# iNuiia alnroatsaat nmibar x » 8* 
ft* imtina ^  
9it iEiarr«t7|)at <^  tha two aar|iiologi«al typas both vith 
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i^ JHroaofOM atnlNnr &i • 88 Iwvt btta •ttiditd* 1h« d«tttlUi «r« 
g i m i I119ICM* 
r i i» 9.1440 ttioira tli« feuq^loSd hasfogmm txA lUblt 0JL1 
•aipUIwi tJMi aoriholas^Uail d«tell« of tli» ladiiYiaml litmmowomm 
Ttea tti« louarogMa at vwU. • • fi^ M tti« pcriMal of tii* Ikbto 
i t i « «vM«ot ^ a t Uw fiteavoaos^* mm^AfmrnUt «idlilbi% • gsadml 
VKTifttiQa tritb r«iavdi« to thtlsr ladlivSdcial laogl^ uhliA nmgM 
f i^ i 1 ytt to e»0 yii« & • rel&tiiPi iMgtb of tli« dur s^aosoaM 
(&ltm "maeimw trm> IS to 4«7» AU tlMi d2iK»iMioffi»f «x f l^ tambtst 
10 imi« f ji bitiiMa 4& mA 90 ma& (KPQ th«r«eor« ONMioevatpie tril^ 
ffiidlft!! «ffi$liirQS«r»»* <%wcw»s9»i }0 bat f $ 9^ «adL i«» ^i«ir«f <»r«» 
•tiMwftoomtrifi vitli liobwriton evitroanni* 9i9 total tbmamtin 
hmsHx <a tbt liiolt diploid Mt i t 89«S AI • 
Fie* ••14»U idioini t&« hapl^M lt»i?gragjiyi« lit* 
«ar|iholQgl««l <l«taila of Ilk* indiiYldml o i^rostiNioatt w pr«Mnt«A 
i a Xiklil* 8»1S« l^ ron th« tauryopmii And fros V-t& J^VHMI of Iho 
tablo i t i t «vM«it tbtt tho iMirSdml cbr^ EUKUiiat ahow t ivoAutl 
viuriotioa i s ^ t i r Itagtb vtafiog ttom 1«1 in t« 8*5 yn • 
ftui volativt Itagtb o£ iaAiirMotl i^iroaotoatt <il«d wriot fro» 
1*9 to i«5* All ttm ^ixfommmB «xt«^ wuliMrt 9 havt ' > botntoa 
4S u d SO tad tro tfeMrtffort MtotaatrlB witii Mdita ctatroacroa* 
OluroBoiOBt 9 Iwt f ^ St taa iMott i t U asibaotootatrio tfHlt 
7') 
wrtBrtlin ma^»omn0* DM totel obvomtlA l«iiflii off tti« 
AipKUd Mi Ut»Ji/fi. 
%# knyo^^a off til* tM9 igrtotTpM UMaAtA in tb« 
iavttUgfttiflB taro givim boliow* 
riC* 0a4«ia tlioMi th* hftplAltl lavyogma sad tho ttbXt 
8*18 iotplalnt tlio norpbologiMl. d«Uil« of the iaAtfiAmX 
<ftiroB^ OMS« V^ roB tho JburTosnui tuA u ntU «• ffron thm prnftm^l 
of tbo 1kbl« it i t ovidoatt ttiat tho «hvo»»«oM oa^ploatnt 
ttdkiliito « vnrlation In loagti^  off iadivldttoX ehroBOSoaot v^Uik 
VKQgoff ffyta !•& ill to 3«8 y«, 9to mUtivi l«Bgth aloo lavlot 
froa i«fi to 4«9» Qirosoooaoo 1, 9» 6t 7, 6, 9» iX» IS* 18» oaA 
14 haYO f Jl botvovi 45 «odi IK> and oro thorofforo nwoomtarie 
vith wAioii ooutvoanroo* OturoaoooMt &» 8, 10 aad 16 luivo 7 $ 
87, 40 onA 48 rosptetivolj fti4 oro thwofforo MibMBOOoatrio 
with wat—lUn OfatmiMrot* Queomntom emiH» 15 hiio 7 K 88 
WBA hoftot It io Mdtolooootvio witti ti^vntlnil eontvoatro* Ibo 
total flturoantiii loagtJi off %kB 4iploiil a«t i t 88,6 M • 
Cartotypo Bo> g ( ga • 40 ) 
rig* e«14«18 aiMini tlM iaafOold tevyognw aai Siblt 8«14 
ospltiaa tho aorpboli^ioil dotallt of ttio laAiTldiml 
4rtureaoooaoa» l^oa tho kasyocnun *• vol! aa ffvoa tho p&rnml of 
tho Aihlo It Sa ovldoat tiiat tho «hraaoo««t ooi^ XiMMnt oAlblto 
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• gnAual wrlAtiea in Ungth of iailirMMtl tbromoaamB nhiA 
vaagM ttom i«0 M to 2«6 ya • &• i^latlf* Iwaglb ftXao muritt 
fyon XtH to S«S« All tlM flInraHWMHMt «xM»p(i maiMr I lumi f % 
btlMMB 41 «B& SO and «r« tlunnitoM a«geMM&triU» vilh atAiaii 
««atfomnr»t« QivoaofOM imiiivr 1 iuui F ]l 40 and i s tsb«»«for« 
tabMtoo(Kitri« vith «o9)flMdllaA etatrcHMnra. l i» total «luroi»tiii 
Ungth of tho diplolil Mt i t 7S yn • 
8»2%2 CoMparatiiwi gfetafer of laBpyofe^ rptw 
4 oofi^ pfioatiw study of the lofiisyosraiss and sorfliolc^ieal 
ftatnras of a U ^ e ciirassoiRMioa of a l l th« niiaoiaa 
l»r3rolQgSi»il3sr aaalyaod Has aads* FIgwa 8*14 shows Urn 
eo^paratiirs feaiTQgraas and flgccra 6 .IS i s tho hli^ogswa ttmim 
tbe total durosatla loEglM diff«roao»s of ths ^poidas* Sabla 6*1S 
praesots a gaasml otmjwrieoa df a l l 1^« kazT^ypts i^oliad. 
Siiiea ik9 epaelas ar« ooosMavad under t-m saetitms 4 and B • 
t h ^ «r« baiag ^ ^ t t d i«pQx«tolgr« 
Saolloii Jk 
l i i s stetlcm Inolodas Q» MMi i^iHi ( ^«^ < r^tot7paa )» 
fi* ba«i1[is«— It* ( four variatlss) p £* tltftfjlflil X** ( ^vo 
•bsaotypss ) aad j^* imiMiflf*>s3f^tfla|| Qosi'lni. ft<m a gliaot ovar 
tha luBryqti'aCT of a l l tha foraa ( Figs. 8*14 ) ma eould saa 
a goaaml tasai^blaaet «r ralatioa ot a l l tho kaxyogxiaas* FIroa 
a aloatr analysis o£ tkm diffaraot «»plsasnts of tha ganotypaSf 
72 
DM wenM fnrtb«r ••• thftt th«r« «iUtt IOM r«]«tiaft b«tif««n 
tli« gtMM QMipliMott of ttuum dlff«rtB% ipMiaa of tlilt 
••«ti0ii* Alto OM touM A0«nr« afUr • «»r«rol ttidj that * 
iMuil* g«ioBt 9i ttm qpMtlM «MntM out of it* 
Bofooni folag Into tho dtftail* of ttm oommmtif* 
fcMyolofIMX •tody* it i t tmmwmry to iavltt «tt«itioii to 
tho ooweoo of onrar la wawrtna «liroBotoMO* PiMtlar^ 
nkxoaowamm M^ i^ cw diff«p«at atttgoroiioiili divn to diff«ront 
dogfowi of ooatmtioii* Sttoondly, nHMiar«B«at itiolf is not 
•liMQrt mry fGOMt aad, iaopito oi tho l>Mt OMfo, »smm mrm 
ia flNooaroMOt lo laovitoblo. Snis diffivoaewi of 0«i •• 0»S /a 
in lis^il^e of Iftdivltlmi dbronosowi aisr \» dot to them 
factors ftnd aiy DOt bo dew to rsaX diffsvsaMs la loagth* 
Ibis «nrov la osasttroawits has bocei olnialasd tqr wssmrlng tiio 
ohroaosows both fyc« tho aieyosOQ|>o as woXl as froa 'tiio oaoora 
^^vk^wwKtMm V S P ^ ^ ^ R I I P • • • ( p ^ p ^ • • • w s^aw^»4aws^j VR> ^I^IHWWI^WMP 0t9w^0Nt 'WW ^p*»^p ^^^^^fci^waip ^p^^^psaw^s 
obtaiaoA fros saoh oaso* St iU, tho difforsaoM of 0*i /a to 
0«fi ya botwssa slaijor ohroMsoass ««s notod aad this asgr 
b« dao to tho aotual difforoaoos ia thoir Isagth or das t s 
diff«r«aos ia thsir owotnii^ioa* Ihoraforo aa alloiiaaas of 
0*1 /a to 0*2 ya has to bo gitaa la thoir Isagth vbilo tsacMrlag 
Aftor ofalmtlag tho diffsrsat assiursasnts of 
ohrsaossass la al l tho foras stadisdiy aad also kssplag la alai 
tho sbofo asotiflMd fasts, oeo soald vooghlar slasslfjr ths f l f t i i 
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f MOM MapliMnta «wl«r eitrtela ftlMio3«t« imgHh ntng« fft&isgMm 
Urns tlWM Mill abMlttt* iMftb faagt grovyps Murf* oixi of tiM 
katjtA^tP** ^'^ ' ^ m i m >pMi«8 ubieh in soot M M S IMIUI I lk* 
gVMpt (UNI eftM foMd vitli • M l of 6 #vo8ooMio la M * or 
• aolfttpll* <tf ais* S M •Itaolnt* loagtli laago groi^ M^ r INI» 
tti«arifor«i M M M O I W I «• to^plot* origlaaX Mto of th« gosoMO* 
& • diff«r«tit alMi:;!*!* iMgCh fmagi groviHi aro A» B and 0, 
OrMp A tiM abMlul* l«i«t)k fuiga 1 /a aoA «boM» • hM 
«l»olat« iMgfeli fmogs b«liNM t to C«9 yit «nl 0 IUM abtoXnl* 
iMgtli araaga l»ft ^ aaA I M I M . la tha Ught of thia 
alaaalflaaticp of (^voaoMaM la 1 ^ gfoaa QgUUkt ^ « dlffarant 
apaaiaa mtjt ^ ocasisMdl fcaaa^lnglially aa balaa* 
&• $KBM S^ bM* fba t M iDgr^ rtonpM 8a • M aafl 2a « 8S «dill»ift a 
gaaavai wmmtoUjim of tiialr tBuryotarpa* tarn duroaiMoaaa of boUi 
tba tjrpM aaa ba a2aaslti«d la ilia • and 0 groapa* 
Sa « M <!fiM « U • • l e 0 • 4t*4 ya 
&a a £• iypa a U B • 9 6 « si«4 ya 
1 -d l f famoa of U ^ M M la tha total ohroMtla laagth 
of tiM Sa a M typa Is MiaJy dua to tba praaMM of dlf f araat 
aartiar of ateoaoaoMa baloi^lag to ttaaM two groaiMi* 1km 
aiditlQBaX t M ibMaoaMM liaM alM aoatrllnitad to tuia 
dlffaMaM» \m% M ] / to a iMaav aatant* Aftar ao^iuriag aaali 
pair of tiM ta a U tyya alth tha alallav afaroMaoMa 
.4H 4 
• f IIM t» • at tirv «^^ *^ jMomiMlkl* lA^tfcMtttt uWk 
ytfsiA to tli«lr wimm l«Bglli wyiatiMti mXL ^Hutomtmmu 
mim0 sffiitetv f ftoi • la tR • tt t^pt aaA omMr U. l» ta • t4 
tjHP* ^^ '^ '^  ^ aitteiita* 2fe is SsttocAftli^ to s«it« tliat 
•InroitoiiBatt V mil 9 «r 2a « 2$ tfpa «r« <iibaiitaMiitviie« & I t 
p9Ml%»la ^^ t OM of tlitiMi two ^uroaoflomt iuia #foiiiwl dnrlc^ 
•folutitti ^r«a ^ f «li»oaoiOM Bttiib«r U of tha &i « H 
typa iAi«ii la a»la«a«tvla and ^ additiaa of afaromtiJi froa 
aoaa otHar t^vooatQiMM maA lftt«r oa dopUeatad l^ a•1altIag 
tota tio aSadlay «lar<»eos4MMia jta ^la avfe at» tiiat ^la typa ttad 
KB « £• i^mcmmmm* 
A aaapMratita sitdy <»t iMoesrats^  c^  fi. l^ ai34aoai variatiaa 
( 2ii » 4ft ) alaa liioifa timt tiM dSffcraaaaa la tina iatal 
r^iSawttitia laafl^ m pocilbj^ d»a t9 tiia pfatasat «d? tlia aariNer 
af i^ uraaotaata tMloagiag ta tl9» ^uraa gsa«s»at A» B aad G lata 
«lii«li tiui «lty<HBaiOMKi «ra e la t t l f i^ * 
fi« V«iiifBa U far* slalai Btatit* MtA-^^SSB-f^UO* 89«8 ya 
il« llf^^^leap tt* WSm qp^pa^ Mmtkm »lQA*9ZM't'9Cm 1Q8.4 ^ 
&• l i i U l f l B !•• "Wr* Jteil£2ffi i Btatli* l t A ' * ' 2 e B - t ' 8 G « i a 4 j a 
0« taaillaaa !•• ««»• piEKp;wrate«iea Bm^* iMA*U0 9'*'lo6*iiMA 
flia aomavlaoa <Bf tlia kararotyjiMa af tha four faylatlas iriioifa 
tbat aaili ot tHa matU^f liat dlftaraiit aoiAxlaatioa of A« B aad G 
giraapa af ituraMsMta and litat tlui tola! aturaMtia laagtti af aRdi 
dapiala ap^ n tha typa «t a««li a»AI«itlaaa* I I iliaifa aa lia«ra»aa la 
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tota l chrowitin Itngth vlth an inereaaa anaber of ohroaosoiwa 
balOQging to group A and poroportionata daereaaa in chroBOsonss 
balongiog to tha group B or C . 
A* aaarloanna I.. A ctttparativa study of tha kaxyotypas of tha 
two ehaaotTpes ( 2a >= 72 ) also shows tha dlfferanca in tha 
tota l obroaatln length i i dua to the dtffaranca in the nva&ter 
of ohroaoaoaea balonging to tha different groups* 
Ghaaotypa No. 1 « 18 A ->> 44 B -<> 10 C « 175«6 yu 
Chefflotypa Ho. 2 » 52 A -»- SB B ^ 2 C «> 198.0 u 
From ^ e ocaparlson of the tvo karyotypos i t i s eridant 
that tiie d iff wan CO in total obrooatin length i s zainly due to 
tha diffarenoa in the nuaft>er of chrosiosoiiies belongtng to tha 
different groups* &e increase in length of tha total dsroaatin 
length i s ref laoted la un increasa in nuoiber of ehroisosooas 
hal^iging io group A. 
&• kUMTWBtf'flrlffiM Guerke ( 2n = 76 ) 2he karyotype can be 
repraaantad as 48 B i^- 28 C * 14S.4 yn 
It ie int*roatiag to BSffia hma t!m!; iHhough 
£>• hiiliifiiffan^ {ictiarlot^ a has 4 additional cJiTonosomcvO than 
a. §imA<^mM types, i t s total ciarsaatin loagth is ouch less 
tiia i^ that of ihe other two. %X3 raanon it; the ecgiplata absanoe 
of ehroaosomes belonjing to group A from the kaxyotype of 
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S^etioa B 
trndtr this Motion tb» tvo sp«el«t itudltd «rtt 
A* •^"otua ( tiio BxnrpboXogloftX typ^t ) and jQ. gn^tuJlffP i^ 
< tvo <7l^p«f )• 
ti» }ms7otjp9s ittw I 
0* eanotua L. ( Pturple typo »16 B <*-16 C • 6$,Zja 
2n • 62 ) ' 
0. Mmotoa It. ((hreoa l^ po " 18 B '«' 14 C <• S8»2/a 
- 2n • 68 ) ' 
ftm dlffnoneo la the total ehr«»tlii longth la these 
m«>rpholc^ lcal types Is dvw to the dlffenmoe in the mudbes of 
ehromosoBes belanglng to B and 0 groups* 
fi« ggatiaalMM also have tiro csrtotypes* Xhe karyotypes my 
be represented as 
C^ rtotype Ho J. ( 2nB52) »£A'<>18B 'I-12G* 6S.6ya 
Cbrtotype Mo. 2 ( 2a« 40) « 26 B -(-14 C » 76.0^ 
She differenoe in the total ohroaatin length in these 
tvo certotypes is sainly dne to the differenee in their chronosoae 
muiber as well as iht difterenee in noaber of the ehrouosones 
belOBgiag to the different absolute length range groups. 
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8«^ Mtioiia In tin ip«»itg liwit»tig>t»d 
UMI atlMia i f nanml la ftU ttie tpAoiM liivitti|pftt«d 
la tl» ptmnmA work* Flgnr«« 8Ji4 to 8.S» thoir tht mamm 
luoite drttfiaga of tbt dlaklamls • atftaplMifo I ehrtMKMoM 
••floolAtlcnt in tho diffovmt ^poeloa of fiflmi Rroa tlit 
f iguroa i t i t obtrioas tMt a l l tbt «p«eio8 •tuditd slmr 
rogttlar aalosiB hj fofmiag noraal bitalmtt vhioh aro mstlar 
eloatd rli3g0 or apm rim»* Bod tiiapad bimlaata ara aliK> 
obsarrad la nogr eataa* ]|iiti«il«sta vera abMot axetpt in 
fi« hainn^whiriffla* & fi* ttUlifiiiTi^fgtiirtqM <»• or tao 
tai>i=«mXaQta mora obsenrad ia 5 Flfi^ <xit (tf SO WHB 
analytftd. 
A" V-'\ i -A 
SMNI of M M I M 
tiki* • a 
catvoMo 
swriNup 
ir«pcvt«A 
a 
XS* 
n 
-
oCTNTtaA CtM WMt Africa ) 
&• IttUilitlii ^* '**>^ * 
IfilillTfli^ WI 1>*gtlu 
f * AIMwIflUnBI '^ * Oltoml^rp* ) 
f- u 
VV ^ ^ 4 • VHMfe H^fl ^ a^kfelt #ft^M^ jfflHWilto I * #4^H^^> djk 
B' IHtiliBlWH ^* 
0* gvatiaaSjna !•« 
u 
u 
24 
£4 
24 
S6» 
80* 
^ 
! « • 
20 
92) 
e4) 
24 
24 
S4 
24 
• 
<» 
36 
-
(ifovtoa, 1042 ) 
(ao]«ft»laiki» 19S7 ) 
(VauraMy ie47i 
tfiavtm* 1S42 ) 
(i)Mraaa» 1647 ) 
( Taamaa» 1947 } 
GbauAlMty* iBS7| 
B«uwr» Itlof IWura 
A OiU» i972 ) 
20) {Hortm^ 1982 
24) 
«2 (0o]iibli»ki# IttW ) 
24 (MiUa * Datta, X947 ) 
V^U • • ! < ttOtttiaiMd } 
( "f- imrMffiiliwi ***'•• 
Soolwr } 
2* 9* 
* £ • JBBilil 
St* •»»«^«» I** ( ^ ^ P ^ } ^ 8S ( Q2»btttiki» 1987 } 
fi* JXZllilL J« ! • M* « le ( Iinrt9ii» 4962 } 
fi*2!i^>afc8SSllf8l» - C£(e4> ( I«i>ln, 1S39 ) 
EMTst Ihan aad ItaahpuapNUui ( 1&79 » la prtts ) 
jpftir 
I.* 
» • 
s. 
« • 
» • 
« • 
7# 
e. 
e« 
10* 
tSk0 
18. 
i J I ' • ' i . t 
l a i • i j j 
iOA • L I S 
i«g 't'lto 
i«o •i.^o 
l.*i ^0.9 
0*8 •o.e 
0«TO •0«1» 
OtW •0«W 
0«ttS •0«6ft 
o«e •o.s 
0*6 *0J$ 
TOX&Ii 
• i 
• i»S 
•8*« 
»M 
eS*0 
• e»o 
»s«o 
• i .« 
• 1 ,^ 
«;i«8 
»1«8 
ai«S 
•48.4 
« 
•«9 
fi«4 
S.4 
4.f 
4.7 
4.7 
8«6 
8,e 
8,8 
8,8 
8*8 
ZA 
FJS 
48 
80 
80 
8a 
80 
48 
80 
80 
80 
80 
80 
80 
fX» 
m 
m 
m 
m 
m 
m 
m 
m 
c 
ft 
a 
m 
9 $ m 8cU* la piif«tiil«g« of tbt Am% a n to tb« t«tel Xtagti 
of tti« iaftltltoal ilMMftOM—• 
a •MiAltta 
ftkte •«! 
I T " " " 
i * 
8. 
t * 
4« 
ft* 
• • 
f . 
6« 
«« 
10* 
u. 
u« 
u. 
W9 &MSlll In StcpSM 
i « l • ! • • 
! « • • U O 
i « i • i ^ 
&«i • l a 
l « i • ! • ! 
U l • U O 
]i*ll «^ 0«ft 
1*1 ^0<ji 
0«8 '*'0«d 
0.S «'0«ft 
Off •O.ft 
0«ti •O.ftS 
0«W • O . i i 
m 
• 8«t 
• 8«t 
• t«t 
• 8«t 
»8* t 
• 8a 
• 8 . 0 
• 8.0 
• i.e 
• xs 
• lA 
• M 
• la 
8i«f 
•ftt«« 
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8A 
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iO 
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40 
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60 
60 
SO 
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•»S*I. 
• 9.1. 
»e*e 
sE*0 
o@«6 
®E«e 
aS»@ 
8S«6 
»S«6 
• 2«S 
««I^^Stlon oS «mt73iair« 
telMlttS 
^ S^teKntiml 
m» 
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«2«4 
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S7.S 
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1.8 
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2.«7tL»8^«4 
@«2 '*'a.«4 
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2»«4 '«'U& 
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40 
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16 
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»a«§ 
• S«8 
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«3«7 
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e3«2 
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<=8a 
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S.2 
2*8 
2.0 
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1.8 
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60 
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60 
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a 
sa 
a 
8a 
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i.«e 
i«S 
^ • 3 > 
l ^ 
h' h> 
m 
50 
CO 
m 
50 
£3 
00 
00 
<ss 
iK) 
SO 
60 
a) 
i C 
e 
a 
ffi 
m 
m 
c^ 
o 
0 
D 
O 
m 
Q 
@ 
¥ ii. silMi© 44 4^«iai^« 0t ta® K:SO2^  era to tili« taial hm^ 
6t 3 Sisi^ iarsSiBii 
Contd, 
Sibto 0«iO ( eaotisaad ) 
87. 
W, 
20. 
SO. 
91. 
ss. 
S3, 
S44 
QQ, 
86, 
S?, 
SSi 
Ltag^ in stAVCRat 
0.8 • 0.8 
o»e • o * ? 
©•? • 0»7 
©•7 1- 0.7 
0»© •O.S 
0#63 ^ 0.C5 
0 . ^ <$>0*^ 
©•0 ^ 0 . 4 
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P i ^ . R»l - P.7 "Wltotle ?!!!tBT>!iaf« of 0 . ofaatn imeefes. 
F lo . ^ . l Q.« cantt?a (Haitlool t j^e) wltfe Sn * 21 
e!)r^osQi«efl. 
P ig . fl.? Q.. eapjiJt'fcaaahar tjme) «Htfe 2» « 2fe 
Pig. 0,4 a* laalUsm a^y» QMBI£I « t^i. 
P3o. 0.7 0 , g^slicaiigT, (SotByl chovlool typo) 
e-i 8-2 8-3 
/•'•in/ 
8.4 • • I -—"8 -5 
8-6 
Pl0, ns 0 . twOTtcaatBi (u l t ra I t fpol wltfc 
Sa » 73 eBroAftsoiws. 
P ig . 0.9 g,. ltUlwan«t«et>aytcm »Uh as « 76 
Fi(5. 8 . K 0 , ««Betm(Green type) wltl i ta w 32 
Pff l . O . l l 0,. aaiictiB! (pafple typo) wlt& 2o a 32 
i^riHaosoaes. 
f'fig. 0.S2 0 . qyatlsfgaiifi ^ItD go o gg c^^oaogcsss. 
S^30. 0,13 Q,. GSStSssfagafjitSi 2a o 43 earcnosoaog. 
\ \ ^ ki 
V 
!f:^^ 
8-8 
5W oil/? " . • S . 
® o 
. B.14 Haplold tcaryofirsmi of 9me speofes of 
Oaliwn sad thmit wnvietim, 
2 . ^ . fimm (2a » 26), 
•^ ^ S' featlUetn var, laMssiwn (2a « 4^), 
0, g , buiHteon var, ttiyy«lfldf;i> (2a » #1). 
^» &• fWBfHeqw var. PS!IE22a*££SI£ <2a « 4R), 
7. Q,. ?tm<9yteana<a (§a » 72t ©etityl cfeatlcol typo). 
®« fit* CTfgJfiafltM (2e o ?g, o U r a ] type)* 
0 , 0 .^ &11twaadseiagtotg? (2a <o ?6 ) , 
JO" Cl» sangtm (2o © S2» Gtcea tH>o). 
*^» 2.* y|Q»o^,?l *2a e* 329 PQ^r.o typo) . 
S2. QL. oy^^l^tnslaiB!;^ (2a o 32) . 
13. Q_, flfattsgfaam (So » ^ ) . 
Illlllllli" 
^ IllllflflUfft 
^ tflllllltlllltlllllHMl 
llftiitffniiM(»siif> 
niMciiiitiiiiiiiiiiii. 
UHnmnuuntwu. 
ifdilltltiniiiiiititiiiitntiiitist 
(I^OCfniiniD^iimiiiiieiiutiii 
lflflllllllllllltl*lftlllllllftMiin« 
Cllliiciiiiiiiii 
titlllllllllim 
If If flltlllltm 
l l l l l l l l l l t l t l lHI l t 
8.14 
P|0. R.IS ISlatooras 8!>o»to{; tbo to ta l dbrsisatfii lenfitfe 
of eond speeSos and varieties of Qgtma* 
1 , J). n^Htn (tlQalool typsj 42.4>a). 
3. Q,. CBBira <c33j)!:or typej S! ,4/s) , 
4. C^ . bst^slHjg^^ yar. nlabrotoan (10f5,4y3). 
^» Q.» fta8J„M.o.'r^ vor. yh^^.if lorft (114.0/a). 
6, Q,. baaMteg^^ gay. t>Mfr>jjf»fCP«,f»!fl' (UD.O/0). 
*?. QL* ^BliJgSSa <®©t&7J cSavScol typo» I t S . ^ ^ ) . 
©. 0_. ttlliiaandsofegiylom < 143.4 0) . 
10. Q,. ftawotiwi (Parplo ty^Qs SS.2/0). 
^ ' * %* flaPclB^ <Cgeea typot EB.2^) . 
12. 9;.. fif^ttgstaOT <Sa o 32t ® . 6 / J ) . 
13. § ,^ qfattssifflaa (2a » <®» t 6 . 0 / i ) . 
200 
1 2 3 4 5 6 7 8 9 10 11 12 13, 8.15 
Pig . 0,16 SiablQesfs fe Q.* ^nnw^ <gs a 24) «!t6 12'^ 
f t 
F ig . 8.17 MnMnmin is ^* ssasa, CSa «» 26) wit l i 13 
I f F ig , n,m Ole^loeslo te Q^ , ibn iUeg i gag, n.f.nlwj g i tb S4 
i ' i g . G.19 Dfe&lsests So Q,. ^ i J l l j i i r ^ mt, olahmto^ ®ltf; 24 
P ig . G.B ©laHcests §a o , b is l lgqtn TO?, t h w s t f l e w 
I f 
f f Pig . 0,21 §^» MnMM:r\ gpg pij^ggssci^oe g?Si!) 24 
iLU. 
^MIM^ 
8-21 
i?4n. R.22 OlarrlEesIs la '^etfey! «^s»!col typo* of 
II 
0. awBiftownOT ^Hb 36 
PtO. 0.23 DIaStotsIs ia •olsral typo* Q.. r^f^gjenntn 
8-22 8-23 
loft. 8 24 
Pig. n,2S Otaktaesia io 'Perple type* of g.. i»«cti»a 
wi t* 16^'. 
^iQ, R.26 Dla&laesls In *C?oea type* of 0 . saaotOT 
®fce^1aq 16 , 
f t 
Pig , fi.2? f»la!Jtncsl3 to ^ . ! l l t | i l ! 2 a 0 ®**^ ^^ • 
f f 
Pig. n , ^ Uiolrlaests la Q,, CSSiiSBiSEI s^^^^g S) , 
/O/L. '8-26 
78 
ffomtimf liroB mtiv*, not aiieh I t Imoim d^oat ttelv orlglii «nl 
I>a9iat«g«* Slier* of no Mpostt a« t l» fifStcMttle Igtoldlsdi^lon 
o«nrl«d oat In tfals gnus* Ho «sptrlJHntaUy proOtietdi latwspMlf lo 
iQilnria lia» bocn reiKirtiid in tbn gvBsit i^SlHft ^ Wms^xsn* 1&t9«fara» 
ft fSrttoBatlo txrogvaMft d prodaolag liit«np«olf le Ivbvldi fii %tm 
!• &• Aum ^iM (s «Qrtoigrpta) 
8* £• ftiBfrffflim M s eiiMia^rptt) 
«• &• M1ili[iwfltt%rlfflni Gtt«^tt 
fUa l9toidls«tiaQ woxk eaattate «f a total of 214 «t;t«Bixfe« to 
prodaoft am «aitf»laatlant larolvlag 9980 attaa^afl arotsat. 7te 
attaapitt ai^a vavlod botaaaa 60 and 100 In tte aaao of aaali ooiiblaatlan« 
flM datalla art pxaaaatod la SUbla 9* | . 2ho paroonttfa of iaaft tat , 
tlia amfear at aatdi aoiot tba matowt ot taod* CBsatnabaA* tte nnbar 
of MadUagi invfitad and tte aalofa of Fj^  jQphridte la aK«li aaablaatloa 
ava alto gIsmi la tin ISaibla* Oii6 of tha l U aaJblaatJona triad ooljr 
44 Iwl mtfl^ tot* fii tflaa aaiaa thova vora ateaakoa taoda fofaad» 
vMaii did nob bam aagr wbiyo iMlda* & aoaa oblur aasae tiM eaSars 
tiiba groath «is «tosarfad vlilali vaaaiblad tte aonai finiitlag aaSgrx 
79 
B6t lA natiir«» bat tto^e was no MOd set* Out of the 48 eoiblnatiaDf 
tfhieb prodtaetd litaXtl;^  8«tdis» caaly in 14 eatts the Meds gezBtimtad* 
The omse of failnre in tho gexstinatloni aS other eeede coald not 
be aeoeftainad. 2h eose of tbm cas^ioaticBis theve »ae seed eeb end 
the seed sesndnabad bizt the eeedlJnge vare vea^ end d l ^ bcf care 
tloeerii^* fhoe tl^ sre were oo]^ 6 oopisinatlme In ^liich F^ i^tolde 
eaxTlfed and flo^osed. She Fj^  l^ t^oidtG m tl^ ease of 6 oonibiQatlaoe 
irig«» Si* StBSSM ^^S ( lioalool t ^ e ) s £• bftallieam 1.. -gar* AlfillB 
Beatb*» £• saauft ^^s ( cai&pl^ jr type ) xfi* 'JMffmilft U var* 
ffWaHfagg^CT Booth*, £* BBagJcaaom L* % Q, niPmKi^mhlVm GoMxfk»o 
k> fcttfiWrtfi?hiir^CTl^ Ooar&e s £ * l^ignifflB «^ v&r* flla>galflB Bsath. 
and 2* kiUanadeahflgienq Oiaei^ G s g. fe^fltM^HB ^ v^ * JOTOTTaffffffafa Benth*, 
ere ocmplotely dtorile* & tha cos® of threo coBibl]mti<sie9 vl«*» 
£• flB?i;4?amB ^ ^^  £• fr^§IUwa u v^* /tk^yat^ Benth*, &• flBwrlwm i'* 
s fi* baaiiicam t* i;&r« i?armn».80t9yi.CQ Bsath* and reciprocals the Fx 
hjrbrids pirc^ iiced sooe oeedo t?hioh vse imoh less thEm the nocs^I seed 
set in the psrente* A detailed stad^ of the i^bride is presented in 
the 8tdt)8eqiuent ehapters* 
A etisSy of tho orocsiz^ data est^ gesto tfnt %bB Qolgqm speoies do 
not t^bridiee e&sily cEt the ci^eieo level* Tb alco onpports the 
olasoifi^tloQ of tho ej^oias cndor fsttid7 into two aeetioos* fhe 
hybrldisatiaoQl ccxperiineaits provide «lditicQal eapi^rt to this diTieicn 
o^ fisim ^to ^0 oeetions on tbQ basis of aorpholQgy end ehranosMe 
QGBiber* The l^bridisation ^Qterlasnts show that of ail the poes^le 
eoBibiimticins tried betveea 9|»ciM of these two eeotions, none oi 
the* were sneeessfnl* Thos, i t appsars that* apart frcn aorpiMlegioaX 
8 0 
ditfwmctB, there are soiro otiier reasoae for barrles In orossing 
bettieen thesi* tvo ee^iongf 
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Sit txmStve of fip(msi» ecltsB^piied, n^etsj^^st of f»ed » t p o^i&sr 
of wmiSa gtxmls&t(Bd, oxosiMQl of taMdHnga survititd to mturity etio* 
are givm fin tits chuptor m h^rbrldJ^aUoa* Urn b^lds tiiilcti mturvd 
ftoi f lotfored bav0 boflo ^tudj^ ia dataii osd ere dtscribc^ belosr* 
10 • ! CbstpGiTatif^  i^32^ol£i^ of F|, h^itSa and p f^exs^ s 
MMMMCaiMedMMM 
W&e E03?|tolo©r of the ti© grunts hss QITC::^ Lean (!^ c<2?iba3i tmSep 
paj^ oatia (Fise. 10»i to 10*U ) Is cl^sa t3 5^Io 10»i« Ci?oa ttio TtiblB it 
m^ 1)0 !iote<3 t!nt t&o bylsrl^s irr© jcsr© '7iscs?on3 end CIJC® betcrosl® 
for h^'Jxtf sizo of t!io peticle uid loaf !3i:uto cod the Isagvli of 
lof Xapes©mo8 as cji^mrud to eXthyr of tho paricsti. Leo^th cf ei2srK» 
COJI^UA, etaa^a aad rtyJj^ (^ ths bjrt^ rido is lat^i^diEte l^ t^^ i^eu the 
I^r<jtti3# fie Bi»e of the tiradJ is j^oj^ in^ g^  sKellrr than that rf. eitJitr 
of l-he prrent • SDio F^^ Ja^ rTa'ids fue© co%lcto25' ntsril®* SSto oJl 
yi*slu to lh« Fj^  bi^ridi, .Is as I i i ^ tm Si* thfes i^ « ;«la jax'snt# %im oil of 
the Fj^  hybzids he^ th« iwrjutitueats of b o ^ tUe j«a?Qat8 Imt, Itnalcwl 
which i» iHxn i^oi! couutltutsit 4^ tiie oi l of ti^ t^  f«mle pea^ ©7it. Is 
dOBtlnant* 
^kvpholDgiciaJsr the r^ hylxelds rtt!e!il>^ 0« fB«ric»qim It* imxsr 
eXoatly «xatpt that the aybrldn h«ft XSiialooX and geanusiol «» th« 
iMiJ^ r eontiUtttnts In the ulX and are irtarlXs, I^ AKWUI th« lu^taral 
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£• aaegioMina !»• iM>t in Janmi has cdtral or netliQrl dutTlool as the 
aajor ocmstiLtotot of the oil and le fertils* 3he eignifioanot of this 
resoaiblancs will be elaborated in the chapter on Discussions* 
10*2 Chroffiosoina nnniber and karyotype analysis of F^^ hyhrids 
IQie chroisosome muftier and karyotype analysis of the tvo parents 
Q,' pannia ( 2a a 24 } and £• baailicaia h, nar. mlniiBa Benth, (2n "> 48 } 
are a3rea<fy repocrted in chaptej? 8« Ihe B»iosis in -^e tvo parents Is 
nornsl* 
£n 8 so diroiBos3mes (Fig« 10*4 ) have been counted in the leaf 
pricordla of the F^^ hybrids* Sie oori^ologioal details of the 
<^roso^mes of the Vj^ hybrids are given in ^ble 10*2. From the &ble 
i t is apparent that althcngh the dsronosonns reseii&le in their general 
mori^ ology* t h ^ differ in Isigth* She length of Individoal cbroioosoiQes 
-varies from 0*9/a to 8*2/9# Ihe relative lengtii of the individml 
ohroaosone also varies from 1*6 to 5«7. Ml the 86 dircuaoipaos have V% 
betffeen 45 and 60 and therefore ore nssooentrio with sedian centiroTOres* 
Two chroaososes in the hybrids ueret ho»ever, expected to be 
sabassoMntrio since two of the £4 diromosomds in the nale parent are 
with subnedian eentromeres. Ihe total chromatin length of the iihole 
chromosomes is 56/a. Siis is hotfever 12*1 ya less than the expected total 
length of 68*l/n oaloilated from the length of the tvo genomes derived 
from the tHO parents* the chronosones of the F|^  hybrids are also 
classified in the same as the dbromosomes of the parents reported 
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earlltr in chapter 8 • Sue 86 cfaroaoaoines of tb« Vj^ hybrids thus nay 
be reporeeented as follons. 
2 n s 8 6 s eA-*-10B'<>£4CB S6M, She expected karyotype ctf th9 V^ 
hybrids tia82ti»86 s 2 A ^ £ i B *1Z C« 68«l/u • F^ om the perusal 
of the &ble iO»& as veil as from t^is classification cme aay be 
able to note that there is a general reduction in the length of al l 
the ehrooosomes in ttxo hybrid. Of the two long A type ehromosoaes 
one has re(%ieed to length idiereas the other one has increased in length* 
Siis increase and decrease is not very significant that i t has not 
affected "^eir position as A r^pe chranosoDes* Hhereas about iX B 
type chromo^Qss in the hybrids became imeh reduced and they can only 
be classified as 0 type chromosomes. She redact!on in length of iAm 
C type chroaosomes is* hovevBTf not mach because thsy remined as 
C type c^ OQOsomeQ. !iie reduction of 12.1 ya in case of the total 
(toomatin length, therefore, appears to be due to an overall 
redaction in else of individual chromosomes* 
10.8 Meiosis and pollen fertility in F« hybrids 
k detailed stu^ of the chromosoi&es of F|^  hybrid daring meiosis 
revealed vnrious irregularities at different stages* Ihbles 10.8 and 
10.4 and Figures 10.8 to 10.7 summarise the meiotio analyids of the 
Fj^  hybrids. 
XliJ)ls 10.4 presents the details of different kinds of chromosome 
associations cbserved in 50 PIIC^  studied in detail at dialdnesis and 
metaphass X« From tiie Zsble it may be noted that the diromosome 
i n I II 
association varied from 12 ^ 12 to £4 -•'6 • Ihe nuinber of univalents 
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per PHC varied froa 12 to 24 vltii an average of 15.92 per PHC. 2ie 
blvalents per FMC varied from 6 to 12 with an average of 9*86 per PMC. 
Two trivalenta vere cibserved In one PHC out of the 50 PHCs anaV^ed. 
She fr0quen<3r d£ trivalenta thua la ixcm 0 to 2 with on average of 0.08 
per cell* Ho tetravalenta vera observed. She mean pairing per PHC 
T IX HI 
dtirix^ dlaldnesla - netai^ baae I therefore Is 15.92'' -•'9.86 + 0.08. 
Ihe <»arBe of meiosla as observed after diakineaie and isatasliaae X 
i s also highly irregular doe to the irregular oovements of unlval^te. 
At anaphase I (Fig. 10.6), vhile the bivalents seem to disjoin noroally, 
the univalents shotr a random dlstrlhution resulting in an unequal 
segregation of chroorasoaies to the two poles. Soma of the univalmits 
remain as laggards at the cantr@« ^e frequen qjr <^  laggards during 
an^ihaso X varied frcm 0 to 18 « 1 ^ en average of 8.2 per f^ ^ 1 ^ 
i s less cos^red to the high frequency of univalents dbsorved during 
diflikinesis ai^ metaphasa Z. Ibis is due to some of the univalents 
getting inoIudwS in eithecr of the two nuolei formed at the end of Xst 
meiotio division. She lagging univalents sometimes were found to be 
undergoing a preeodous mitotlo divisioD during anaphase X. 
iteaphasa IX ( Fig4.0.7) is also inragular. Cie univalents, yixXih 
sometime got inolnded (Storing anaphase Z after undergoing mitotic 
division, Oftused a failore in anaphase XI movemsnt of chromosomes. Sie 
univalents #iioh had undergone mitotic divisl<%i early daring first 
meiotie divisica formed a bri(2ge restricting the movement of chromososais 
during anafhase H , remlting in the formation of restitution nucleus. 
The formation of restitution ouolei was c%>served in 7 oells out of the 50 
So 
anapbaso IX oslls studied* laggardt vera also observed Is OAI^  FMCa 
doring anaphftte II , SM muriber cf lagging diiroflMiBoms daring anaphase II 
varied from 0 to 8 per fMC with an average of i«94 per FHC. Sonetines 
the laggards gronp togeUier in om) or B»re sets and tmdergo oitotio 
divisicn separately resulting into oaierontiolei* 
Humerioal variations of the oiorospores at ^ e "tetrad?* stage 
w&t& observed as a result of the various im^nlarities e»ea daring 
laeiosis* Ihe else of ^e spores in a "tetrad" varies. %e nuoi>er of 
spares in a "tetradP*« nay also vary and say «ange from 2 to 6« Out 
of the 50 "tetradP cells studied B$ bad diade» 1 ^ had triads» 6S % had 
tetrads» 6$ had pentads and 4$ 1 ^ hernds (Ihble 10 .G)* Moronuelei 
were also observed in soios of ^e "tetrad" cells* Sue frequent of 
E2iieronuolei per "tetradP varied Svom 0 to S with en average of 0*4 
per "tetrad^* 
3he pollen grains formed are mapty, nostly dirunken and do not 
stain in aoetoearolne* Ihe f^ bj^ids are coa^letely sterile. 
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r i g . 10.4 «ft«tfc a^apiiM* In f^ kfbrld 9t • t m t 
IwUrMa 0. ffaiM MKI 0. l^fUUtwi vtr. 
10.4 
Fffit. 10.5 - 10.7 M«t«stt In Fj hybrid of « eroM 
between 0 . eennw and 0 . bnt<He«a 
v t r . pwrnaTtteenee. > 
Ff9 . lO.S Oiekfneflfs with 2 0 ^ f*^ .^ 
F ig . 10.6 Antphtue t «ltti la«i«trdt and uneqnal 
aaaber of ehronotones at tbe nolet. 
F ig. 10.7 Anaphase U with 5 (|ro»p» of 
ehroaeaewet. 
10.6 10-7 
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Chuptcr 34 
Q.. .cgpr^ BUT, < a n m S2.B, n «m) %a» gj^Tnc^u 
^9 peQmdsoNf ad^^td to tjoicd tb« crosses bttitiNm £i« J»™« 
SijBB Q£u3 l^ ft ^«>iUco« £>• b&9 &irm^ beta a«sfi9?il)«a tm&w th§ 
<Sta|rt«r mtsrSal and ogthc^. ^1^ tia^ber of t^stms attmrnptA^ 
pvrmsttg* of 0 1 ^ m%$ m^im of ^oSs geimim^^i IKI^ XSS* d 
se«Sli!i@9 ^apfivsd to na^turU^ etc* ®r® ©fl^ «n in tb& tM's^^ 
on ferybritSlsaticaj* tJe h^^s^C^ «fe2.c& oatarad ariS £lo33sr©a hr.«© 
Ijota gttt5i®a to detail GO3 cf® <Ssse'i;b8d belo^. 
m\ IIWMIWWMIIillMIWMlllCiMIIBilMiWIIWIWWllMIWilMlil-MIJIlllllffltiM^ il. I IIIM lliiiil • • • II • I I iiWUr HirTHW 
^ ^ t ^ ^7t:s&s (Hge* l i« l to ii*S) i s giiiva to l&bld ld.*jU 
Ih« f 1^  fag^ids Imve a ^niax&I appK£r«Q<» t l»t i t iiit«ri@Mat« 
^«i|t9ffil til® t«3 p£7t!£t8* Sttt'a Cl^^f at^IjAiS Of 1^ 0 <2if£03*«3$ 
soTptidlogiml <&axnet«rs h^wsvsr Iios altotfa that ^ g ^ t«Bd to !w 
wasm nmsms to i!ie «I« pRr«at« t& haSult ^* ts^iat&n r«i«^3ii 
th« ml* pg^nxt* (hsrtt<ili«r» IXSm height» Isi^'^ of br£t(^«y 3 ^ % ^ 
of itaMimi «te* th« hyttri^ «x« ftOr« ntiur«r to tkm ^ml* |»ir«rit« 
Iitngth cf corolla, l^j t l l of «tyl» m& Itogth of i^mitlz^; a i ] ^ 
th« h7%ri<!8 liotfi««r «r« s^ oro tmatm to tiui £•*»!• |iR.r«at« &• 
hjrteiA I t iaterw^lAtt btttwttt the tvo ptrtatt fo2r the s l t t of 
Xmt bUdt* %• % bfteidt «Y« CM^ltttly tt«ri2«* St« oU :n«l^ 
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Mjor eoaftittumt of tlit oU of tMmht pa«tnt is oam)l«t«ajr lOitwit 
f m tile <i)U itotaisad firoa ths i^^rids and, tttst«aja» It laa mti^l 
elBBcnat* am tte njcr eaa«frita«at v^ob is also the aajor 
Qoaititotnt of thi oil from tlio oalo pazvat. 
HorptologioaUy tba W^ Igrbrida yotesfelo £• tfMEifisaSUI ^ * i^'Xar 
oloMly ttceopt that tto tgrbrids lav* mtfacrl eiimamto as tin ujor 
eoQsitituoat in the oil and ire eitoriXo, vljfiraao tb» mtnrsl 
&• 0SSSiSaSSB !•• e«>t la J'ei&im IBQ oitvaX tsv oatl^l otavieol as tl» 
Mjor ooaatittaont ctf the oil and is fortila, Q» sigoifioaaeo of 
this ZNKMiiblaaoo » i l l bo olabomtod in tfao ofaa|;ter on Diaeaeoiaa. 
ii*& GfaroawioBo ma&taae and iaefo^ps aacU^la of l^j^ k^vMt 
f fa® cistmxmmfi ma^w oad kai^ otjrpe snalysis t3& ti» tyo parents 
&• flBll (Sn*^) «Bd i{* baailioaa h, ftr. cmyntigaaeonea (£ast6) 
aro alaroad;^  reportad in eiiaptar 8. flia aaioaia la ti» tvo pastmis 
i t Qoraal. 
ftaoS? ohroBOfaBOs (Fig* Jll*4) teta b«oa eoimtad In tbo laaf 
priaordia of tba Fj^  t^brida. 7bo aorphologloal datails of tha 
efaroBoaoMts of tha F^ l ip ids «ra gtvaa ia Sabla U*& frm tha 
Xibld i t ia ai^ paront ttet althoufh the ebrcmoamau resaibla ia thaiv 
aorpholoiy, thtiy diffar in laafth. Iha laasth mriaa ttm i . l / | ( 
to 3 •2 At aiu! tiMi a^listiiTB Ics^th of tha Ijadifldaal ohsroBosoMa 
farias fi*o£i i»6 to 4«S« ChroaasQiiaa 1,2,4,6»8,9,10,11 aod 25 hcfa 
?% betveaa 85 asid 44 and ara, thtivaford, anbnaaeeaatrio with 
ouibBedian oentroiiaras. CliroBossaB^ £7 and ^ hava f% batwaaa 
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25 and 84 eaxA, theraforei are subtelooentrio with subterioinaX 
cantromerea* All the other cfaromoaonea have the f% batveen 48 
and 60 andy tharafore^ are oiesooentrio with s^diaa oo atroaterea. She 
total cbroaatln leogtii of the \^ole chromosomea la 74.4/tt. Ihla 
18 ho»«« 6 ^ ^ 1.M tb*. th. axp.«ted t.rt.1 l«.tth <* ai/«. 
She F|^  dxeox^soimB are alao Qlassifiad em ihQ ostJm Msls as the 
<ikTomottomd9 oS the parent a reported CNorliar In chapter 8. due 
the 87 chromosoii^ e of the Fj^  hybrids s^ sr la® presented as follows. 
2ac 8 7 s 8 ^ ' f S 4 B ' M 0 C ° 74,4/&, ^ i s i s not erndtl^ aocordiag 
to e:q)8ctatlm« the expected Isaxyotypo of the hjrbrld uae 
Sno 87 s 9 & -^  19 B *»' 9 6 e Sl/a, ao, here xi9 find ^lat 6 A type 
chroQoeomes of the parental chroiiDsoc s^ have be^ reduced to B 
tyi^ in the hybrids* Obviously tiiore «as only oae diroicosoiiie 
re<%}<»d to C type and ^ore tmo no oignifieant redaebloa in length 
of the G tyi» parental dirom^isiss in the V^ hybrids, l i i s redaction 
in length of long l*e« A type dirostoaoBias resulted in a re<^atlon 
of 6.6/a in the total length of l^e 87 diromosoo s^ of the f^ hybrids. 
11.8 Hsioaia and pollen fertility in F^ hybrids 
A detailed study of the Fj^  hybrid chronosomes during meioais 
revealed various irregularities at different stages* Sibles 11,8 
and 11*4 and Figures 11.6 to 11.8 suinnarljie the neiotio analysis of 
the F^  hybrids* 
Ihble 11«4 presents the details of different kinds of dbroi»)30iu» 
assodationa observed in 40 PHOs studied in detail in diaklnesis and 
mataphasa I* iVoa the Sable i t may be noted that the cbroausooe 
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aanQ^mtlsftt 'WtsiM itan V& '^'UT to ST^ -^  8 « &« ms^beg at 
of SX^ peer mo* l!i« 33S3^b@i^  of Mml^^its ^f £%C fgritsi imm 
dbsGTvtd i s oacSi o£ t ^ @ ¥^^ oat of ttie 40 i^i^ iKm.^ ^id« lb« 
fn^ctSDi^ of tr imlsnte Cina tm>i@® £ro£ 0 to i pes* K13 «;ath @B 
avasss^ c^ 0«iS pes* 12^* Oo q ^ ^ i m t o t t a @cre oiboarvsa* ^® i«i»ii 
S SI IXX 
ter^-alT i3ig?5C,tw5Q of ^j^cr^ssruo a^C tba pccsnes c^ UE^S!? 
gta^l«^» tie lauiJiPi? JJC Mgg^Cs ww%^ teSE C to l^ e .^th S3 a;v3Sig« 
of 9«S |»tr WJH^ Uouwfer tJitf oBi^ icr of Isgg-irxls cSiisrvad at c m ^ w I 
dfir:ng dltt|tia««in ^^^ ;.«tc:^«it I« 3hl@ mft* li;3»»%r^ > fmmsS to l« 
«itt« to tti« faet t te t wst-m of tUe wtlml^intt ^«t ii:c;2xu3i^  vXth (am 
or t l» olli^ T 8«t Df tibro&ioaQMss amdng to tkn p^i»»9 Si« 3£gBSj% 
tEiniv«l«titi s.4a«t2.««i6 ax* fa^d to unt^ dirgo a& |tr«OiMdU3as s4totio 
AiiajiliiSi ZI ifts al90 i^Ttfoltrr* !lh« iinlml«iit» iitiiob h«|^ F>n«S 
to fs t Ineiv^^. ewtCtm afut^Mi X iift«gr m^toripizig sitotio dlirlsicn 
m»JLmf &sriii^ Sit aaiotle (fl^sitxt etvwid 11 fm luro IA «f»ij^ «a» H 
ftovtmst of citr:)iso«JSMit» t i l s iui« r««ult«d £lml3f itito tlK» f orntttifio 
9 0 
of v«ntltQtit» fmdLina or imdeS* fl» Satmtiast of rsntit^itlsri 
nuelai &» ^ sfirvd^ la iM H^ Qi <mt of t t e SO l%(^ stu^itd* Ecggardis 
luggfcC dTiSioojKBies per M) (tol*sg riatriasi H fayJcs Svmi 0 to 
iO ^t& mt af«mg@ (^ 0«4 Ftr B®« Sois t l^s Jaggsrds grouped 
tsg@tfe®ff i3 CSS 0? etr© Sits C3i3 fcpsed tbmis om ©plsiSl®® i^ssitliie 
OHO to t l ^ 'Ts^toio Sfs«g;!2l^ ?it£@0 <s?l^ aei08lo» Qt^e^iml. 
•s^arteticsio c€ tjfcg cS^rac^®^'^ ^^ ^ ^ ®t9tot# ctBC© Of® c^ >^E^^ il« 
SI© afee S3 «Gll. as t!:© fmh& of apsra© IJ® »t®tra# '^irito SSros 
c®13. ^ a>Ul» Hi® ffinabss" Qi ^jarcG pa? **tetr3t# ©elS. losses flpss 
8 to 0 ^ttt &k Qwsras® of S«ia ^^ ' ' t s t r a ^ . Oa^  cf iK) mHo 
t9tmd09 0^ M6 potad® iM (mlj # iM ittnuSa (%^3« M«5 )• 
BSxspomcHxtl sff9 also olts^vtd la msm oi ^m ^ t t t n i ^ oolls* %^ 
fv«c|ii«ct€7 af @iar0ai2cl®i ] ^ " t s t r a^ var&ea fi^is 0 t s 9 »li£i cm 
st'^ tte^co of 0«S p«? Hetrn^ o@U« 
Ml tilt poUaa gsalat d«f»i$^d fanm t!% fltpoms ¥i:l^ fc^ mt taay 
«cflt]^ioa» do iKit &&mh^ Smttmr aatS bt«oi» t^riaii^sit mA apimartd 
to b« f^pty* ttuf do not s t « ^ in nmtOmmrmSm^ 
mwm s 
BS 
q 
m ( f t 
Q 
S I 5^ 5'o a^ ^o ;; 
^ o i^o t^m Cim i^o J^ 
x»^.» tO^tfir a>«H^ 0t^t^ < B « ^ ^ ^ ^ M 
• 4 
m % 
^ 3 
H 
9 9 o 
g «^ o>^ 1*11^  W^ 
<« i | » - i^iO i^e» 0 « 
**r O^i^ ''#'i»^ O ^ ^ V * . ^ t 
8 
s *^ ini »s i-^i ^*'' *«? *•» *«* "•  I 
® C^*4 ^ 3 « Q ^ ^^«»8 <!<« t^f i^iO i^ ©» O * ^ 
I 
9 
S 
1 
•>ti ^ «|«»8 ^cs t^to i^fo 
„ ^ , ^ W^ii#' <*«^«a^ 0 I« .» ^ - ^ ^ M<ii#' 
o 
iB^MT li>«i^ t4 
, ? 
• 
4» 
9 
^ 
«2 
o o 
8 
C2 i) » "^  
9 
S 
1 I 
<d ^ r 
r4 H >^« 
M B M 
Qtxmmmm l<eBg^ in C^3?«»@ BL f^ FO 
' • I.B7 • i«0 ® t»? a»6 57 aa 
Xl» &*4 "^  &«0 a &«4 9*2 4® im 
iS« l,«S 'i* 0*9 «0«a d»g 40 tsi 
It* X^'^^UQ »&.0 &*7 CO m 
mmt'mimxtiMwmmmmm mwiiimr .nn igmw* \w.\tmifmm1mmm1mm1mmm0m 
fJS f^ Bi^tio in pt9riM«t«&c s£ Hi* i^«*t Nie« to t^# total. Isngtl^ 
«f tl^ jjsdiviAiAl osrowMM* 
Sibl* l i«8 («aitiimtd) 
u 
ie« 
i@* 
so* 
«it» 
m» 
as. 
^ e 
£ 3 . 
&@« 
S7« 
^ « 
S@« 
^ « 
< ! • 
8 2 . 
8S«, 
«4* 
ss. 
eft* 
8 7 , 
RX. 
f% 
pa 
» 
•» 
ut 
29 
1.0 't'i.O 
^•0 ^1*0 
i«0 <» 1*0 
1 .0 ^ i * 0 
^ • i «'0«8 
0<9 "^0^ 
0«& ^0«C} 
4a. ^0.? 
Oi® ^@t© 
i a *o.O 
0«0 *^6.@ 
0.8 -t-OtO 
1.0 •o.e 
0.7B '«'0.7S 
0.7S • 0«73 
O.f •O .T 
0 3 ^ 0 . 6 
o«ft -t-ce 
oa» ^ o.si 
QM '^Q^ 
mm*i 
»EtlAUv« 2«i%th 
a 8 « 0 
IS g ^ 
ttStO 
®2«0 
e&«0 
e i ^ 
oi,e 
ei*a 
e i » 0 
e l , 0 
o l a S 
® i . 0 
el«@ 
» ! . & 
<si..G 
« t . 4 
» l . g 
ce|,,g 
B i a 
«].«2. 
«^4.8 
of tl» taaivlAtitl cImtMNiOM, 
« Pttaltion of Mmtramm 
• Mdiim 
«»fm^i^lin 
» »ft»t(ftX{dlHll 
4 . 
£•? 
2.7 
S.7 
2.7 
£.7 
n.4 
0«4 
8.4 
U^ 
UA 
Q^ 
ea 
E»l 
e.o 
&.0 
iw9 
1.6 
1.'':: 
1.6 
. 1.3 
s« 
m 
so 
jjQ 
so 
^ 
^ 
so 
© 
^ 
j ^ 
m 
30 
91 
SO 
60 
m 
so 
50 
so 
10 
d« 
s 
Q 
a 
a 
& 
@ 
B 
SB 
13 
&t 
Ei 
m 
st 
a 
& 
m 
m 
a 
a 
a 
icm to the totbl Itogtii 
&»]• U * 8 
Ifdijbcp of 1109 Pnrfltiitaga 
i8 2 ^ i @ n g S.0 
^ S • 2i n 6 £5.0 
e s s ^ e I S "t^iisi 3 i@*9 
S9 S • 7 £2 « ^ ^ 
I • $ H 9 ?•• 
"•'" 
fs ia 40 S00.0 
I 
U 
I 
I » « 
§ 
$ 
2 
$ 
o 
e4 
O «9 
O 
1 ^ 
»«ii 
o 
CO 
o 
^ 
Cd 
•1i s t § 
<i I a 
prQ^«ia ^ ^ l / » mUt^im mVU {SWBa^ of His 
^l h^M of j|« flwia It* ( Ena 26 ) s 
{ & »18 ) • Ihe foUiSiiiag flcave^ csro 
fwoUdt 0 
<MMIM>iwWKii«BMgwgi>MigMtWM^^ tf iaMiiBiiiwniiMriw.miiii.ii 
I'lO, I I .S t'lQiit off 0.« SiBS* 
. ! ! , 3 C-'j fi^bylri of 3 ej^ss hat^eaa ^ . C^HOT sod 

r t f . 11.4 l l t « t l « Mtti i l i ttt ft f | hfkrM •t m 
11.4 
f i f i . 11.8*11.7 • • I t f l i t« F. Iflirltft •t • «T»tf b«t«Mii 
h •—— •"<> SL* MfM<fff» vatr. pffyfffnttffff. 
r i « . l l .S Ofakl^Mlt «HI> IsV is!^ 
F I Q . 11.6 AM|^li»t« I with Itffvtrdi Slid m«qwl 
•«i>«r of eliro««gOH«t at tk« f»«lM. 
Wig, 11.7 AaapliM* TT wftk • f«« lavgartlt tad 
6 graapia af ^raMaaaaat. 

91 
1h« imifctA of arottM Attw^ytedy pgr«Kitag« of Mwd t«t» aniiMr 
of ftfte gorataaua^ amkor of oMdUii^ onrvAfna to wtwi l r •t«« 
«ro fifOA &Q tho A»0fir on t<yteri^i«tlwii< Iho Intoidt itiUyeh 
•gtamA and f lovwod haw bo«& gteiSiod ta t^eiteU and om aMorlbtd 
tmlmt* 
184. GenMamtlw sorflteljiGrof F« fasM^i m&piaemt» 
Iht tsoa^ologioii dvl^il® CEI tlm tao purttits haw AITOR^T tm«t 
a«t«r2^i^ mt^esf dmpto? 6* lio « ;^@a t^iv;? «arphoI$^ of «to 
^rtnridt ( figg. iS«i to i2«9 ) mlmQ vith the paroats &• giwn £a 
tibljO iS«l>c E^ roa ttio ftblo i t n j bo ootoa ^mt t ^ h ^ i i « oro ie»9 
•tgoroa* Hian oitbor pascmt 8a<3 ehw bo^Brosia fcKP h@i:^ t* tm 
m&m Im^!^ at gteaoao tmd stylo of hytoMs io al«9 grmtoar thaa 
tiuMMi of Hio {Moroatt* Zn tho irngth of ijotiolo rmd 0i3ipE« tin 
tii^ldo roawi^lo tlw fomOo {>or«itt» Sio loag^ of tnfliaro«oittot i s 
MHM olsikQ? to tlMit of tlio Mftlo {Mrottt* l io txy&Ti^  lufo inNRraoaiRto 
botiMtB tte maroBtt i* tho iriu o^ oad oiso of Uof hU^ imA bra«t«» 
toattli of tHo oaroUa Mid fMitl«g otajrai* Iw oU fiold in HM fj^  
Mjrtrido iojtomioy an* voAietd* AltbooBh tfao oil of tlio l^brid ti«« 
tlMi oeoglitwwto ^ Wtii tiM punntty aotfigrl elaauwtOi tko wjor 
oongtit««at la tho oil of tiio foMi« putmt, i» doidawit* lio h^fufX&n 
•ro pMrtioUjr fortilo. 
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fto ilttCMWtOM onitoffr aad IniTOtyp* aaR]grait of tte tvo pwtnto 
d* ^gJli^Mi U VRf* jaCdBBCilMiS 8«BI1I« ( m«lt) and 1^ iHTlfllTTtli U 
two penatt i s Qovml* 
SaaQO iteoiBssoaes ( l^« ^ • 4 ) baT« btt« fisml«a ia tte Iti^ 
prianrdJUi of tte Fj^  b^toidi* tw aont^olflgiaa dtteiit of ^ « 
<liroaatMni of ttt« % iiytsri^ lora givoa ia Stblo I2«e« Uroa tiio 
pnmaa of tito syoit i t i t o^wioiit tlmt tbo ^uroasioatt UIEO tboat 
fOUBA la ma pxtmaU thm mri&Um la tholv ladifiaial Iiagtii* 3h« 
liB^tb of la^vl^tal droaagOBi« msiM9 firoa i«Oya te S*S/ia« 
2ho falaUiia Ims^ of l£w i^ Buaividitl ciuNHOsoaatt B^lm ms^iaa ts^xm 
0«S to 9*1« AU dirQMiOst* osa^ pit mnlKa^ t i^ 6i aad $8 i^sfa M% 
ooatiQatrot* Onmnaoats ntnribora if 54 ftad SS iiami 19 tMitwiMa 38 mad 4A 
and micrtfaro «r« setHKaoonBtario vS.^ au^Mdiaa onstjfoaarot* tto 
totftX daromtla Xmglii of th« iiHols iiaommmn ia il4»8ji« Ids 
lt» hmnmapf SBSM l»m tiMa %• «>qp««tod longUi of JU8«8/B* 1km 
«iarcm9«aa»ii «C t N f ^  M^ri^ Asro olamiif i«a oa tho aaao iMuiia oa 
tHa ilu'oaoKMitt of tho pwtato ropartod otvUor la ciaiptor 6« fta 
kaigrotiipa of 80 «ta«aM9atg «C tho r^ Jajflarido ttoo ator ba 
rajprooantitf at foUnn* 
Sa«80s r A ^ « 8 B ^ a 8 e « i U y t t * lui aiipoolaa kaxyotjpo of tka 
r^)i|feri4 1a2B«f8A<*'»l • 8 8 «188J^i* Uroa tiw pvawil af 
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DM ttbl* %MJt m vmll •§ ixom tb« lnif«t|pt of tli« f^  h^^MM U in 
«2iwp tiMt tbmr* i t A r«dB«Uaa la HM iMglli of iaaiYiAMkl «firoMtoMis 
Hill* vMttlttd 1» ft gmnml nteetlon la th« total tftrowtla loagtfc 
^ adit/ii* lOt voAioUoa la Imftli !• aMtly la Iho l « f « 4 aatf • 
typoa of d^roasoBatt. About i i A typo ciHoaoMattt ai« rodncid late 
B typo mA tSMat C8 B F^^ O dtroaogoaoo vodawd to 0 ^rpo* Bioro ttp 
honofVPy no oigaifiaait vodaotiaa ia loqgtli &S tho wlgliml favtatal 
• C ^f^ <iiyaM»0owf* ttm tlio fotMotlQa la total «brraatla ia 
longtli of tbo F^ Iqrtoidt la aiOaly dot to gooiral x«dtietit» la 
iMigtIi of A ana B tgrpto itaif<momm»% 
1S*8 Miiosio (ind poUm f or t i l i^ ia 9i txitnridt 
A datftiloi otudy at ih»fi hytirid cbroaowaaos dnviag a^ooia 
9«foalod fttricNift IxTOgalaatltlao at difformt otogoa* Biblat l&Ji 
Md 48«4 anS Hgoroa 1S«5 to i2»7 mumofiam tiio aoi<Me aaa^ala 
of ^hm f|^  Mn^ldt* 
lilila U«9 |«ritoat« tho ^Ittiiila taf dl^«a«at .IJ««fs o«f «hvoaMOMi 
aaio«dAtlai« dbi«rfod la 10 BfOi itodiod la dfttail at dlaldtaoaj^ 
mtftjphMo I« Awa Hio IKbla* iS«a Mad i2«4 i t sajr tw nottd ti»t tto 
mntomm «MOtifttiOB wriao ftroa «'• H^ to U^ • 18^ «^ ttia 
aoAop of iial«a«nt« p«r mC f«rit« ftron 8 to 14 iditli an aciwnigo of 
14«i7 p«r BK;* 1I« biailaoto pn* PiC ymtf it<m i8 to St willi «a 
awionma of MA p» ?MC« OM trifalant MM olktMnrfad ia oat VMS m% of 
SO mCf fltttdiod. Bw ftroqjaoafgr flf tvlmlaatg tkoyafora HMrioo ftoa 
0 to 1 wl^ «a ftftngo of OJOM p«r flK* Oao tat»Nnail«at mui alao «li««rfad 
i)4 
l« OM HiO ont of tiM 10 VHXk «t«di«« m& th«r«f or* i t liM mUo Um 
mam iwm^fumiir * • ^^ terifftlMft* lh« «v«mi9 puSrSng ptr mC 
^ttPim ^ liOdattlft. SftniiMM I , «li«r«fort» U U*5t^ • 2S,0^ • 0«0i^"^ * 
0*01 • 
1!i« 9amm of Miesl* «• dMMmkl aftotr tfUk1iiinl»» MrteiltfUNi I 
i t highly imsttlttS' dM to ti3« tsTtfoIftF aovwewntt of mimlftstf* 
4t ASMipliftM Z yM.i» %h» WrnlaxA* f««m to dlsjoSa tisirMl^^ th« 
iBiit&ltatf e^ ov en ^nifvii diitri%«ition« fa@ ix^'r^lt^t^i t^dli l i« 
insiiSe th» 0ptotS2s fibron prt Ineladifl ttito CHM or &« ^stkar sft of 
€i»rai»w3ais c^tiaB to pilMt tie pfttsooiMi of hi^^Kcdtn hm IHMH 
obsfiTftd in wm;^ coUUi* It® fr^^ieaisr ^ Ingps^ da ^xrli^ t s i ^ M i Z 
i^iiiia irm 0 to iS iilth oa inrofago of i«:U3 psp I^C* HcK-irrar this 
is less offl^ai^ to tho high I ^ U O Q ^ cf mi^Isatt dhtssrvtd ^tafii^ 
aiiAlafMSis and iM^itest I« &« I«sgi33§ cfivoaosoii&if in mm «RM8 
ftvo focmS to 1» vmamsoiing a urooooloizs 3iit3tie 6%vlt&.m» 
Amj^hmm tX i t tUo IxxtgBJar* fSU l^nrt ia tat^iuitt SZ fiovtnuttt 
br l t i t tbont Inridlft ttetmtiAm ipfaddi rttulttd iato tlM formtitm of 
r t t t i t i i t iM intOlti ia teat «ittt« laggirit tr« alto dbttntd ia 
atfv IHQi a«riqg ta^katt n , ]ht aoriMr of laggardt mr%m Ikoa 
0 to f ifitli 01 «««aft of 1«84 ptor ll!C, Stattiatt tht laggtrdt gvaaptd 
ttgt1h«r late oae or aeore sett i^iA divided iadepeaiSatitly and 
lat«r feraed eiqaMta nnalti «r alevoatelaitt 
1km to tbe asurlout SsTtftUMritleei dbs^ inwa <3iixli« aalotit^ 
noaMpiefti variatlaiit of oiereaporat at tiui *tatra# <^ t««Ee art 
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ob8«nrtd« Th» tla« ae will as tfa» miBiier of spoor«• variet troa *t«ti>ad"' 
to "tstanid"'* The nub^ of spocrto par '^ tatzadP faxiMS ttom 8 to 6 
irith an areraga of 9.66 par "'tatra^ lP', Oat of 100 "Hetrad* aalls 
atadled 6 had diado, SO had tgriadtf 96 liad tatradSji 6 had peatada and 
Z had haacada (Sibla 12 .S), Ibe fraqnascy of micronnolei In *tatra^ 
ealle 'oaried from 0 to £ with an ataraga of 0*76 par HatTad** cell. 
Iha pollen grains davalopod from the sE^ sraa yaxj in siaa* Only 
8 ^ of the polloBS stainad Sa aosto-carmioa. Saed sat is cmly 8«7JI. 
12»4. Hba raciparooal oroas Q* ynaricanaa L. ( oitral type> 2a««y2)x 
fi* baflilicoM L. var. smtaoumm Banth. (Ifetiyl otenanata 
type, SnlB) 
She nomber of orossaa attan^tad, peroentaga of mad sat, ma&i&c 
of seeds germinated, mtober of seedlings mnnrivad to maturity eto« 
are gi^en in the chapter on hybridiaatlons* Zha tf^ tirlda vhieh 
matnred and f lovarad are stndiad in detail* 
12.4*1* OoBparativa iwrphology of F^  tybrlda and parents 
the eosfjaratlre narpi^logy of the hybrids alongvith the parents 
<Fig« 12.8 to 12*10) is giren in 2kbla 12*6* From the Ikble i t 
aay be noted that the hgrbrida appear interMdiate in moat of the 
Korphologioal f eatnras although a alight doainanee of one or the 
other parent is seen for sane oharaotars* Zha hybrids are, however, 
leas Tigoroaa in growth and, therefore, are snallar than either parent* 
2(1 the length of petiole and shape and aiaa ot leaf blade the hybrids 
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r«fii*l« tto tmmU pKrmi%* SJUdlarlgr ia th* ImfHI ef mlf% mi 
Xntlmmmnm th« bytarldi iMioir iMr« r«Mife2Aa«t to th« mis pMr«at« 
I«ag«b of «8irol2«» iwviititts m^ and ia th« itmp9 §xnSi •!«• of 
bT»«lv tb« !]^ lMPl4t «r« itoMiiiat ii^«rmaiAt« b««if»«Q th« pc^nntii* 
IttQgtb «C stAiE«}9 and f^l«» hOiravWt i> MS^ tiuin th^t of either parent. 
Si* oU 7i«ia Sa tti« bibrld ia iraxy S D ^ radaead* But ^ a oU baa tha 
aajor eoattitomta of bodb tha iwraata axaqpft that mVa^jt tlksmmis 
tha i^ Gor e«»8tltti«iit of ih* :iila i»rasty ia <3ffiStnast In the hflirM 
oil* fba Eigftoida ara psrtiaily fartiJla. 
i2«4«S« CbawMwaoaa naii^g wad taoryotypa aiMi3y»l« @C F^^ h^Xda 
Sa«60 ti^OBoaoaaa ( fig* 1S*U) hava baan aotoitad io tha laaf 
prlAsovd^ of ttia 7<^  tij^ida* fba Kar«ltol?gia»l da^ila of t^a 
iiafom>tom&§ ^ Itia 7|^  tijteida ara gitan iUi Sil^ Sa ia«7« fgim tha 
pavQgil. (^  ti» tilbla i t la v^ntUxa timt aX^ ioQgti tha u^ronoai^ Ma 
tkmi a gaoMRniX r«M»^ 2a»ae> ia thaSr ii^ «^ o2flCjr» ^bmy «ax7 in t^air 
iadividBaJl laogtb* 8ia ingtfei of isdinldiati ^taomimmm mrijm trm 
0«»/« ta 4A^* Iha raUtlw laaglb of itadlvi^ital <iiroa0aoaaa 
alaa variaa fyaa 0*7 to 9*S* AU tto 00 chroiioaQiiaa hava t$ feataaan 
49 aad iOt and tiunraf ora ara aMoamtria v t^h ntdlaa aae^ rtHMnraa* 
tbm total iiuroaatia laagtli of Iha wtiola Unroaoaoaaa la U8*Sin* 
ftia ia, liOMvari M*C/B laoa tlian tha aacpaaMt laagtb of iM*Sytt* 
fta kaiyolDp af 60 il»aM>aoat» aigr ka n^praiantatf aa 2iia80 « 
l O A ^ U l ^ M O a U8*f^ SIM Mpaalatf karyotTpa ia 2n=«o = 
t i A ^ S B B ^ f t f i «li0*f^* l^ raa paraaaX (tf Ifaa Ubla JlS*B aa aaU 
aa fSroa tiia Iwryotrpa of Iha r^ ^ hyhrid fhroaoaawia i t ia alaar HMt 
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theire i s a gm&cal reduotlcn In Imgth of indlvldaal chromosomos 
vhloh r68uLt«cl in a reduction of 38*0/u in the total chromatin 
length. This reiluotion in length of db,romatin i s mostly due 
to the reduotioD in Idigth of / type and B type diromosomes. 
About 15 A type ohromOEomes are reiuced to B type^ and about 
20B tn>e chromosomes are reduced to C type. However* there i s 
no significant reduction in l^gth of the C type ohromosdmes* 
Thus the reduction in the total <diromatin l^igth of theF^ faybxld 
i s mainly due to the g^ icErel reduction of A and B type chromosomes* 
13.4*3. M^.osig and poHm ferti l i ty in F.. ^hybrids 
& detailed stu^y of the F^  bybrid chromosomes during 
rad.osis revealed various irregularities at differyit stages* 
Table 12*8 and 12*9 and Figures 12*12 and 12.13 summarise the 
mdlotio analysis of F^ hybrids* 
Table 12.8 presents the details of different kinds of chromo-
some associations observed in 50 FMCs studied in detail at dialdnesls 
and metaphase I* From the Tabl es 12.8 and 12.9 i t may be notei that 
the chromosome association varies from 6 • 25 -*> 1 to 16 -^  22 . 
The number of univaldits per FMU varies ffom 6 to 16 with an average 
of 10.62 per FMC. The number of bivalents per FHCI varies from 20 
to 27 vlth an average of ^ .02 per FMO. The formation of bivalents 
betveea dhromosomes of different length i s observed in many cases* 
One trival«it vas observes in one TKO out of 50 IMCs analysed. The 
frequ^qy of trivalmt per IffC i s thus 0 to 1 with' an average of 
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O^ Ot ptr »$C, OHftdrifiOiiiit imr« (ftttirftd ia » f)r«t|tttav ^ 0 to 1 
t jtx xix af" 
during dUklacni* end sttftj^ uuw X tlMraf or* i t iO«82 4S4i«Ot!^ «O,0S -«•>• » 
lt« mmm of aoiofis M dbimmA ti£U» diaUaoiiia and witftflittM I 
U alM Ivrogular aw to tti9 irgmoUx waemmitB (tf unifsiloats* A6 
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^tg. 12.1 ^Isat of ^. batiUcfww yay. poypafmeigioe. 
FIQ. 12.2 PlsBt of 0. «««rteiBaa. 
P|0. 12.3 ?j fefbfl*! of 8 e?os« botneea 0 . baitltoreii 

FIf . 12,4 i l t t t f t mttfiliM* !• P. kybrld •t • •?••• 

mim. 
magt-
F i f i . 18.8 . I t . 7 i * f M i t la f j kybrftf #f • •V—B 
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r i f l . 12.* FlMit t f a. i S l i l i s a i »•»• Pl!2SIIf£SSI£* 
f I f . 12.10 I', kybrt^ ef • erott b«t«f««ii 2.* •—rt<tt«» 
m4 ft. ^ i i n g t w vtr . f>izii|lt£ilfi£. 

F l « . 12.11 Mtt«t1c ••t«ph«t« fa Fj k j ^ r l i l <if • erotf 
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«iri«a fr9» 0«7 l»t» IS«3.« '%ll t ^ ftisra^gssij «3e«tyt t^oai^mm rmS^men 
tfltb Mt^ iiftsi «Ktti^ iiiar«s« i^iasntcnHtit Z^tl^ mA SO ^Mvt y$ imtgtm 
IS nact 41 «»a tlicriCsrc lur* fiuiMMMfd««et^ i« tfilb m^mn^Uim vmn^mmeiM* 
CliroaogMt iXhum^fi mlf tm& t&«r«r<3r« 3s m&fUUmntgte witlk 
•tilttraiiiiU o^n^m&rm* %• total HuroiHtl^ Xwigth laf t ^ i^stlt 
«iaraM»(MM Xi JUlaOy«*Vaia it» lioiHrMri iO*Si« ! • • • tiMa ttia «^«tltd 
t«tal imgVk at U i . t / iu & • fj^ h^ktUm wm nXm ilamilf 1*4 in ttm 
mm wv w» tita ikatwm§«m9 vi Ham p»mU rajpertad anf il«r ia 
ahajdar • • l ia Ica^r t^/pa af tlia to Aroaeaoaaa af tte Vj, iqrlttl^a my 
ttais Ita r(»pr«Mmta(l at failawi* 
SteifO* U 4 ^ i « B ^ a « C » m . O ^ , ma aa^atad Iuixf(%pa of 
ti l* i^ltria la 2iii«o« a 4 4 > s f i t ^ « C « a j i . « / i . tsem liia i^ antaal 
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«r t i t ftilbit l l * t M M U «8 firas tlui Icoyolypt of t ^ liyirids flnm 
n^ ow* i t i t «vid«itt Itait ^«r« i» A g«ii«nil r«da«tiaa in t i t IMICIII 
ef todlviaitl dvoassoMs la tbt I t^ i f l t uliicli ttsulttd Into ta oviartU 
rtAttUoo of tilt t « t t i iliroiRttii Itoitli* Hiit srtaietias in ItagtH 
litt oetDonred eosViiy in ttit ionitr 4 mx& • Igrptt dP tfcroattsatt* A^oat 
9 A ^Tpt <toOBOi92itt avt rtAittd to B ^pt tbtosommn mi ilMal ^ B 
tTpt ttaomwammi art rtdnad to 0 tjrpt ^mmstmmim* Bstmfm tht 
rtdaeU^ i» Itogtb ia tlit 0 tfm ^fsaeumwamn VM not "mrar tiffa&fittnt* 
I8«S Btiaait Qa<} palStia gtaPtiUty &a tlic % fay^'^ 
& dtta&atd iitiaUt t t a ^ of tht % hjiteidt r t f t t l td vitvimtt 
irresoli^itlM at diffmtitt sttgtt* 3^2t9 iS*S trnd iS»4 aad H^gtxrtf 
15«$ to iS*7 snangrist ^ t ai^otie naalg'ais ol' the Ij^ ^i^ldt* 
i i^ l t 19*9 pptitnts t ^ dtteilt o£ tilt i3lfftr«Qt kiMi^ d ctf tksomwam 
assocst&U^t «fl>0trr3i in tht ^ H^s stxktita in d t l ^ l at 
ditkaattit* at^ilitttt I * i^oa ^it I ^ I M U « 9 aad I3«4 i t sty bo 
aotti ttmt tiM (^ imffi9i^ »st attotlatlaa «!Krit# tietm 8 *^^ 26^ to 
SO "ttt^* Slit mAm ai inilwttatt per ?iiC varitt fyoa t to SO with ta 
tvtrtt* ^ i9«88 pcff FEC* Urn nuitoer df liXiMitatt iW? ii^ furitt 
frail SO to SB witii ta mmfmjut of Sl«29 pur FUC* 1^iir4l«ntt iftrt 
obtrntynA ia only tvo i^d oat d£ tht 40 2%Ct stoditd* &«» tlM frmixxmtf 
of IrlfSilttttt por tUC mrUm trcm 0 to i wi«» aa mmmg§ ef 0«67# 
par IHC* fttmwitntt &«ft lM#t cbntrvNi in two IMQi* fiit fv«i|tt«i«Ef 
of tttniwltatt ptr J^MC i t 0 to t wittt an vrwng% of 0*18 p» SW* 
& t avwtgt itooBOttat atmtUtlon par f^X dtoriag dialdattltMntapiwtt I 
i t U .M^* tt4a^^* 04«»^^^ 0A8^ . 
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ft* aaMW ct —Infit BM dlswrMid nft^ ry ^< i^r<»*iita ami 
•atftpliMt Z i« mlm Mgtiay ivngvilar dM to tii« pniMB* «f • Iwg* 
aonNv of oBifiiZMrM BM tti«ir lanrigal«r »o«tiwii»* At Htmj^kmm Z» 
^ i l * tlw biwlistt wmm to MtlolB noraillgrf Vam «BivUiiita f^ bov 
• madea Mstarttntica rMultiog la ws i m t q ^ Mgrigfttiaii of 
ctiyoaotCHnit to ttio polo* amd tbio partscaot cdP lagairtfo ia Mgogr 
oiMri* Sho temsBmt<e^ of Isgg r^do dujrioc g»mpii>ii X vwriiMi iTroM 0 to 
XI «itli ca cranig* off S^f" ptp I1K!« 9ii« ts^ hotrntrnfi ooi^ wniUvalgr 
! « • • tluffl tiio iilgli lir«|atiMBr of imim3«9tt ctotiovftd dtariag 
diaMiMidLo oad MtftfliftM X* & • lagging iforanoaoatn in ao^ no mlla 
watB fOQSd ^ bo Qa i^wf0l«« pm^c t^mo irdtotio ditirlsloa* 
<toapti«it XZ ifM alio inrisgizlAr* Failxtro o£ aiAptuuMi IX stovet^ tatf 
roaxOtiog ia th') formtKsi of rosUtntloa naolimt or aiteli^* ia 
obaovfod in a fov <»•••• Bat ia saijority of tba l9fCSi tlio a&aiJiaM IZ 
aovtaoDt i t aoraal. oxci^ for the prasoace of |iHu;«rds in S«MI» Tbo 
anaAwr of lagp^da par f l ^ daring aaajiitRaa XZ wuriafi froa 0 to i4 
vitli aa atamga of i«8 par fIfC* la aoa* tli(k Uut li^tiurda «ra tnma 
groapiaf iaio mm or ««ira «Mita vhiih latttr foraad a^pwnita i^ oronaeSai* 
9aa to tlM «)«riaua irragulMrltiaa dariag aaiosia^ aaaarical 
farlitioaa of Iti,m9^^m9 at tiia *talv«^ »taga ara dbsarvaa 
CSibla !!•<}• 9ia aiaa and nttA«r of aLeroaporaa ia a Hatra# aaXX 
variaa fraa 2 ta • with an afaiaga odt 8*74 par "tatratf** Oat of tba 
SO ailliatudiad at tita «tatm# ataga «l bad 4iada» U$ had triads^ 
H$ bad tatoada^ i l bad paatada and 49 bad banda* XLarooaalai ara alao 
absartad ia aoaa *tal«a# aalla* tia fraiiuaaiQr ^ aiaronaalai pm 
Ui 
"t«%m# mix mriMM tvom 0 to 4 »rX«£i lui tim^agm 9f 0*76 per " ( • t m ^ 
•til* 
foXim gfaifis of dlff«r«Qt s^a t^ a t tv l^ Itoa th« q ^ « i * list oaJr 
to be f«iftil»« f>« tla* off tiM pdUm f!irl«s fr<» fiOiO to Itya 
wlt& oo mmmg§ of (iS/B» Hio MO4 mt m» onlgr e«C *^ 
i f *4 BtmiSf of f^ g»wi»tlan 
0ooa eollt«feoi trtm tho «»IC«d f^ t^ l^opi^ s vwro aon?)* Out ^ ^ 
goods o i^ffl SI gtrel»itod ai^ 7 ploato «spflvt6 to tn^iFity ttal£« tito 
o^cni ^iitA at ^10 sNsi^ lim gtego* INi «»f«i f^ plioto tiiam dNatiisod 
nvro et^ xdii^  io ^^ttoii sraS loro doo«r4lw3 fwloii* 
diffoj^dt i^oii »i»i jUisUtw* ft® ogopiTiiti^ smu^'&ln^ 9,^ tilo 
oo«OB pliuitft Is i»«««stoa la %i^ lo 13«6« l^ cw t&o Sk l^o tlio foUoiil^ 
iatorostixig fOKturse $mf ^ not«!* Ibao ^ tho soton ffg ylMto 
rssoiiilo oiotljjr tho r^^ h3r^ i<3s« All tiM sown pUnto oxosj^  Mo*7 
wro loss vigorous ia KTCWUI* yisat io»7 is ipli^ oroiio Uko llMi f^ 
iqrtnrU faoii« los is lUfili* %m imngfih tat ^itioXs »n<! hahofMrnum Is 
Also snU«r i» mU tito plm»\M ox«o^ io*7* &i Vo«7 tiM IbM t^tl oC 
iaf lorosomss Is -^ oro tboa 1£i«t off fj^ hgftaritf* Vio loogtin of tho 
infflorosssass in phmt lOtT is i i - : ^ m^ \ikiA U muffumkim to Huit 
off tho KOlo gvoaa p«root| £• 1ml H i I^ ^^y* ^kftOllMI* ^ 
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ituamt^mm Ulm •!•• emd illicit of i«i£ %Ui» aU ttw 7^ j^ Sioila mmp% 
fJmnt io«9 tstm mm at Itsa aiBllAy mxd Tmmtntm fi* jMClLflttSIt tiui 
tmmlt s^M pismU 3^ V2»tA i^ ^Sy th« iis« and limpt of tilt l«ftf 
blate lis taftU'>r thaxi ttot (tf tS^ fj^  h^iA ar i t s pirinttt* Sft ttit 
XtMigtli of lonct a l l tb« f^  plAiitt «xai^ nii«t 9o»d itrt glailav 
aai nMs£>ls t j^ « l « gzsnd pti«at« Zii Plant So«6 th» 3«ii^ tli <tf 
to&«il itt tmUia? amti i t IWMS^SA® tb« f«aal« grasKI piKr«At* In tim 
th« pXemta Ifo* 9f4(|S eiid 6« rvst^te 1 ^ ftmlt grszid ptxmA* lb* 
i t s g ^ 0? ooxoUa ia |?lmst« So« I.,3i4»6 dfid 7 i s oc»innil)X0 to that 
o£ HI* % hytarid* Zn JP^Umt Ite* 9 oad S tlit Im^ik aC «oroi]ji iSy 
haigvfett « | » 1 to that of tlw ftoalit pwHl g^ r^eat* 1!h« Isagtb of 
• t s i ^ s Ijt ^ o 0lan%» 8o* l«8|4 as^ 6 i s istoza^iata liatmMm t ^ t«o 
gtaa& pxtmtm* It (m^ ^« p ^ t t 4 out It^ re tl^t tlui Ua^^ of ftasMna 
in tiia f 1^  hgrlviA is longer l^aa thom of 1 ^ pKcmiSm iSia atyl» 2«nKtli 
in Ita plants lo* 1^ 4 and 6 i s «q;twl. to ^at t£ ihm faaala t^ftd ptctmA* 
Za Flaat io*e tlia atfla In^ttt ia iattsnu^liata b t t t i^ tha t«o grand 
faraats wbila ia Flant So*7 i t ia aiinal. to tha atyla lai^tli ot: tha 
aala grand pazaat* S^ rattiJig « a ^ ia aU tha V^  pli'KB^ alaoiad «K0«pt 
Ka«7 vasaiblaa that of tha tmmU grand paraat* £n Flant Ro*7 ttta 
aisa of fruiting ml^ XM$ howmtp graatar lliaa that of Iba f^ 
hylnrid or thm gfwod iparmta* Via total oU yiald la al l tha aaviM 
lilAnta muriat aostiiJarabaj. Zn pl«nta Ho. !«• and t tha oil rUM 
ia hatiiaaa S.Q8I to ZM and la riant Io*7 i t la 9«C9(« Xa pl^ata Ho, 
2,8 oad 4 tha ail ylal<^ la rwf waitk I«4BM^ and ia X^ to IcTJI* 
Dm aajor aastatial oil «>asilt)Mmii la a l l tha mfmn plaata wxy* 
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rua t a«i«i tet e ima •» tte t%•% MJOT toaglilitMiit and aiaalosl «• 
tte MtoBd Major «m«UtMBt to i t * oi l * XIaat io.2 l«» Ijaalaaa 
«• tb§ iUA Major «3iictitwatt antf •Hg«ae2# «£tf«l» and gantaidl 
aa %tm Mtoad* titird and faorib Mjor oonftltoaola la ita oi l * 
naat Io*8 tiaa angmoi asd aitral «i>proQelaata3y In «pMl paroantaga a« 
tha sajor aoaatlitemta la l^ a oi l * f l« i t 8o«4 faa llnalool at t i ^ 
irtrat aajor ooatflilaant* Raat •»•& tea aott^l eliavliMl as tfaa f Irat 
n je r eoestitixaBt foU i^Hidl t^ oitami as tim meaoA m$9t aosgtltiiaitts 
io Ita oil* Haitt lto«6 tea auftlgri (^«tMl &a the l^lrat aajor 
eo&gtltewiit toUxKmA Ijy elti»l emi aagtnoi as tiia l^eeaid ai^ tiilrd 
ooa8tIt««3t8 la tts a i l * ll^nt {li>«7 te® t^s jm»$t Intamirtiili^ 
cxta^itntatii In St$ oiXm & Ima ^ t ^ X atjRiy&CNatl m tisa first eatjor 
ecii»titT»ot iaUo ad li^ «iig«t9i» ^aaniol tiM Utmlool as t{:« AMMiandlf 
%b$3P& mi& foirth aajoar aonatlttimta la t i^ o£l* £• ftlRi&BraM ^ ^"^ "* 
faetftia pasaat ttad eitfal an t ^ m^m ooBgtftiimt v^mma, 
U» InmUKWti ^* "^>^ * g^teM.t^ «atd aa swtJ^ i ptraat ImA tmi^l eteviiMl. 
aad angmol a« smjor aoasiitiMnta la tfaalr oi l* £daalac}l and ganmlol 
vara (ritMMUit la tha o&l f » i i faaala iNuraat lu^ vara {arMcat ia Urn oil 
fvoa mlM itamt* Sat la tlia f^ gan«nitlm na flad Itaalaol lanA gunmlaiX 
a« aajor aaaatitaaBta of alia «f alatgt a l l tba f f plaate aiaMpt pSaata 
No* i , i aad • • n * oi l flfeitaiaad turn flant la*? aaada to Ita hlglil]r 
l^ raaialag alaaa i t tea tte daairabla aoiiliaatiaa ^ a &%lt (paULIIgf oi l * 
tta total oU yiald mlm la tlila luaat la bS^h tritH «}t. fte oi l o^talaad 
twrn tbia pUat ia ocHi^ xalila to tte tttparlor pra a oil at *ltr«aab teall' • 
Al l tte tovaa Vg plAota ateir partial f artliXtf • 9m pellaa 
ataiaabillty of tte aaraa pUata i t alao hlglOsf tnrla^la* fte 
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74ai(9 y i l U i t til* gfthir t ls pliiiitt i t is ttstoSM 4lSl sni 4S«il« 
i^ sstf m% ia plants is* i^ 4, 6 %it^  7 is poar imti <««rlMi ^stiism i*1Sii 
sad 04BI ^X«i» is vsif^  Im sasyp&x^  t^ ^ tu« po i^lffi stsiiiililUiy 
tfMsnsd* 1^ fdsnts ^s* 2» 1^  a ^ 6 tlm m^ m%$ tmm9m§ &s 
so^psxmti^ Igr M ^ »^^ 27^ 9 41> sad Sll^  fSfpssUwIsr* ti9 m»$ is 
( ^ 1^ 2 P^®^ «x«v|»t ^v? i« siiilSitT ia slss^ diS|w cma s»2gr* tn 
¥ismt ^ ti'i^ t£ts 4m^ sias is* ho@«f«p« yr«it^« 
t» plsats :S8«l v-'-tS ?! titt «ljr • tjfs^ »&ti^ tM ajr® Hasft), i^L'ti&i its im 
«itiriaiBi»:;ay»i« limits '^ o* 4» 3 &ni! € : ^ .fs '!na^: k^icii '-^  list :^ «i!^  
tiiaimr «is l ^ t or ta# ftMis ^ i id .'^ ^^ rtitt* thmt M^J mM '/M^% 
V^ i^l&ate Ss pNSXkJ^ &m t d tFi« isTS^iul^r «ijfi»«Oi0»tttt stMigrecatlon 
in t&s tj^ ^ %9Xds dtseri^sS ssvU i^?* 
» U ths 8t««ii #11 P^ i^ M^^s tMfi iitiB« simriid not* tdUss a,i«7 la 
l i 4 J prsatnt l%it aarjitslg^lsaX 4stailt iif la^f t^wi i^motmm 
• f ssfli pUtit i/ps* A eas^xmU'M ntw^ •^i tiia tlkptmmmmn af a H 
ibs ssfta ^Uffts l i part tmiAw^ ta Sii^ ls 19*I4» l^ t}» t!ts %1iXss i t 
jMgr iNi aotai tiutt t^s sastHadtina «r tfiffnrsat aia^ oassens tjryss 
fwriss sssal^rdblir atsa mtiiia tbois i>jAats i^ivli^ tlia aiiHS mui^^if 
las 
of flaramMWtt* Bile iHtimmnm SM totmimtim ^ ibstmmmml tygmti 
i t tflMray «ii^«iaN i« tii«)v t«t«JL «iir9Mt]« X«iig«h« Pifiiitt ito* I 
H9«i iMui ociJIy 1 A ^ 0 tbyawMisMf but ^ s 8S B im^ ^Ijf Sii € 
^M 9 4 tgim mtiomsmtn 'sd% h^» m%s '^ ^ ^fm e^nses^iM and th« 
r t i t ^ are '« tfgtt mt3smmm9* i ^ t9t*l c^rsMtia imm^ if» %!»£» 
ii^ ^ ^ Jt:!: i A %^» 4^ iBre t tfp$ ^ix^mumms aru -sii^ - ga aro c 
isJftwt %,* %hm% 4 *'^  ^ . « tiETiftti^ iSHt^ , iQ B tri« tSer J«3S waa an': tlis 
lb* «»«»X dirowtlii iKiitiit tk9r«imm$ i s iio«4/tt« !»» irm thXm 
9lltmnm%im» U Is » ^ >«it> Ittftt ijni pUa^ Itavt dil^ttrcnt «ariMij»it. csit 
l;tt«£ <iii»MntJUi lAi^tii* ftw itlaftif ^Kviag tiui mm ibaeitmtmm$ maaimt 
mla» ^ iMtmf la ttrnix n^mmitmmk tgrptt rtrntisaay; in \ittmm% iotfti 
iliurqa»ti« JLt^ jEtii« It mf ^ lNi«iiiMi ^ itU,9 iiitmetrnm in ttMrlr 
ttoaaatMii iMiiSaiU«i that tiM $)lMti <!ifftr &nm tmm v^tiMt 
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iMVplio2«|[l«iiUar and Sa tiui gmmeHmff* and toUil jftelft of oil M 
mix «« to th« (|««Iilgf <if» tlMi oil* 
JIB«4«8 8tioti« «ad poUMi £«rUllty la th« f • p]«at« 
A (Sitftilt^ IsfMttffttiai m ttf atiotio Munrlaw <it tftroaatOMa 
in aU tto 8««Ki f£ plimtt MS «ivri«4 out* A fuaiaxy of ttw 
awioftie ai»27ilt of ftU tlio iofva pltmta is pnwmU& la ftl>li 
13.15 m& Ttgnnis 13* 8S to U« 48* UrtMi ti^ fWbl« aa atU as from 
%Jtt9 figuraa i t i t cfevioits Hint in alamt aU ot-^a fo»a mrt of 
Miotle ignragaMviti«fi ax^ fanaA* Hia ttetaaia ara ^anaatad ^Xon* 
Plaat Wo«lt Iha HQ^tMBT of aalmlosita ^aarted d^oli^ dli^iB03ia» 
aetaiiaat Z vurlaa fi^ xa 4 to iO with m Atf«j?t»ga of e«0 {wr I^ C« 
3ha xnuebm:' 9i biialiiits farias ir^m £4i to 88 » i ^ an avsKiga a£ 
Si«4 put i^>» tia muAHW of trivii2«nta imrim tv^m 0 to I with aa 
avtraga dt 0«0I ptr JPi^tC* Ho t«tvaval«iita vara obaarwd* Sia mmn 
pairins |i«r fKC, tharafora, la 9 ^ Ujp^ •O.Ol^^* taggii« 
oinroawanMHi ara dkwHrwid during mm^tut I aao awai)hii,ia XX* fia 
aartinr at lagiarite tariaa fvm 1 to • with aa awnga of 2*4 pw flC 
dariag aaaplUMNi 1 and firoi 0 to 4 v i ^ wm avaraga of IJi par f^ C 
(tmriae «iapfeaM XX* 9ia oaalMr «f aperaa In "tatrai" ailla wrlm 
fyoa 8 to • «ltii aa avaraga of i*9 par "tatra<P ««U * Oat of 3.Q0 
«tatra# otUa atudiatf 431 had aiatfa, SOU had triads, 4091 had tatrads, 
10 had pmtadf and 0> had haMds* Mtaroouclal ara dtwarvad ia nw7 
"'tatvatf' atlla* tia mtilNir «tf aieromKOai por "tatradP aiU tariat 
froa 0 to S with aa avwaga of 0«08 por *tatra# cell. 
11^ 
4M$ (d Urn poUm dtwlqwa itom tli« ^^mmn st»ia«fi t^tplgr vtitli 
ftwto woralM ftaa ftpi«eir»d to %• f«riS.l«« 1h« tSs« of i^SJjn 
vwi t t CroM fiO/R to 80ytt vltH «» «r«Fag« of ftStS^* 1b« Mtdi #•% i» 
only 7«i^* 
yuat l»«gi S M matom of iii^f»l«ito obsinmiS 4wStig dlAidoMift* 
M(tft|jhftat 2 f»riM it^m O to 12 vitti an vvtrago of e«4S p«r FMC. 
ffto fm/MUf of M«i2ffi[sto vsrittf firoK 24 to 80 vWi an siwnig* of 
&§•£• &« lOii^fr of tarimikl nts mri«» fir^ft 0 to & vitli tm aviKeitft 
of 0«iS i^ ff IKC aad ttiat of tho tot^aimUott mrlM froia 0 to 2 
with m cfnmet of 0«£7 pur MGm lio »••» ptiUdog ptv 1^ tiiojroforOf 
is 6«42 *» ?9«S^ 0 * 1 ^ ^ '^  0*S7^* Xo^iag <lm>iioa6Mto aro <3ib3irf»d 
fra« 0 to 7 with aa a;<r«n^ of 8«1 IM£ B% asar^ aw|Msa Z and 
twom 0 to 2^ witb an atnoaga of 4«0 p»? fHO dwlag mm^^mm XI* 
Xt ator iw iBt«rt!ftung t'^'nata iii^a I tet tiha mudlter ^ U^m^9 
i i iprtater ^orl^ wtajpluiM I I tlwn t ^ t fomd duviiig iiisa|ji«iMi I , 
l&lji bSn^ mxAme o£ laggayda larailwlliy is ^m to tbt ]r«MUlt of 
fora^aSmia diirXglcsi i»ii«xi^ »ia tigr t^o -aaitiklittte i;.i*«%! tat mi^tie 
ftlvlaioa* S M aailNiv «3$ aiKinit |MH? *tatamdF oaU ^sriaa froo i to 
• vitb an amvaga at 4*04 |Mar "ial^tf* • Oat of JLOO "tatxa^F oaUa 
o%aarfod 4Sk hmA di«aa» I4f> bad triada» •«;)& haa tatrada* lQ9i had 
paataOa and 9$ kmi haairli, lia £raqiiuaa«gr ^^  aleroauolal tarlaa Xroa 
0 to 8 idth aa aiffvraga aC 1*1 par "tatzwdP otXX* €SS oC ik» poXlsaa 
imwlMj/md fraa toa ajporaf atalaad daoplgr villi aaato maewim and 
appaaratf to %a «iabXa« Pollaa alaa wriaa froa 60/ato i S ^ with aa 
afwraga of 87^« tia aaad aat ia 2T)(« 
I l l 
fpm% »o» 9p SM wattw <tf imlvaXMti <SiammA during 6Uilmmi»m 
wteliuiit t mgim £roa 0 to 10 vkit an «v«nig« oC i«0 {Mor TiC* 
2ti« inijb^ of I>ifii2j^t« tKri«t troa 86 to M witH «a stinige of 80«€ 
ptv filC« 1tk9 tmib^ of t9ii»a«8t(i vaortes tvon @ to ^ vitb im miwnigo 
of 0*t' par liEC smi t&o fl«ud(»@9 of ttftnmlontt farltt tmm 0 to 2 
tfitb flta afofngo of 0«^ im* B®« Sio amn palx^; por HiC Uit^ rifcrro 
l i 0^ • 80««F^ • QtX'f^ • Oa • IsgiiiiB *3Poiioia«»f aro <*serfO« 
disrifl^ «Ba^iiiM X and ao i f^M IZ «ttagoa« Wbm mnfter of 3y»|^ («3*tli 
vatrios fraa 0 to 6 ^ t h AH innar»g« of g«8 |)er AMO Oorli^ a>AT^s» X 
an^ i^ r^ B 0 to 4 i»itlk oa «Ptr»go of 0*4 par RSC a i r i ^ isiimi^m IX* 
Sio aaaXXdV aad^ ? of }«g^»rd8 dnriag ana^ta^ IX i s ii^^aib:^ em 
%o Him £ac2aj[^c» of mm c£ tito 3ftg|p«r(!s iato ^ a isovaal^ s^r^i^te^ 
fltta^o^aaiies to t ^ poXea* the nua^sr of aporaa at *1»t»idP atiga 
vsuriaa l^ ros S to 5* Sia peroca^aa of *^t«tem# caUa obeariad &re 
tjr^da @» tatTE^ Sly pestada I.0* Hiart^xtolsi iiara dbmrvid ia a fay 
VMum^ %a ffiuriNv of sdcvoaiuelai |iar *talariMf* «aU iwrio» fros 0 to & 
tr&Hi «a avavf^a of 0«S« 74»^ poB«i tc»s& a <i«ap ata;liti!^ la 
aeal^ MKidrt^ aa m& a^ f^ wiTad t^ lia irial»24}« l i« also of i^ollaa vta^iJtm 
fcoa SO/u to 68/B »i1^ «a amnaga of i l ^ * Iha aaa^ aat ia 4l!9l« 
^laa^ io* , | t Hw tnniNa> <xC toniimlnto tihs inraid ^npiae dialilaaala* 
«Mta|iiMaa X lawlatt froit 0 to i t wltb aa avarasa of U«0 par FMC. 
Sha ntw4Mar of HwXanIa wriaa fvoa SO to M with «i avtraga dl 
fiBvH par FMC»SMI muiMr of trlwSaata vwriaa froa 0 to E idth aa 
atofnga of QjLt pwr ?!&• and that of tha tatrataiaata wsplaa froa 
0 to t wXtit an avarafa of 0«04 par PMC. 2lia aaaa paSariag p«qr filO, 
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ft • a i ^ K ^ o j , y ^ ^ tlitf«fartt t i i t * • » • • -*- oa f • 0«0t • lagging «hro«8i««i 
•tegM* Urn moakm dt 3«gfMrdt mrim tt^m 0 to JJ with « i mrtvcf* of 
• •8 ptr mo aarlng sanpliftM X and froa 0 to iS nitu on amngo of g«e 
$0S Wi Effing artiaphM* XI* XNi tHHribor oT p^ovoo ot *tolrft^ «lftgo 
farSo* l!rQB Zt»§«ttm pofOMtogoa of ip«nw fonaNi at to^rad itago la 
d ia^ 4^ triadi Si« tftxttds 56* pantada 4 and Itam^ iS. Mlaroinioloi 
ava <toaanrad to a f •» ta^ead ealla« fiia tmlMr of alaronaelai par 
* ta t» i# aaU im^lat froa 0 to • ^ifeli aa avarago of QM par *t«tea# 
•aU* 4S*iJt of t ^ poUaa tosk a daap atelnlag wltJi a«atOi>CBandiia 
•Ad i^i^Mri^ to iMi fJWbla* fNi aiaa of i^Uaa ^mxim frwi 4Sy6 to 
65yii vXth aa cfwaga of S8y«* Sia aotid aat i f ooS^  ^ « 
i^'^ ant.go.^ i a© asa^ bay of a3itiai«a*« flf^s®?va6 &iyfeg <'l#l«sai^ 
set^jt^^ t w3fSm fstui 4 to ^ ^Ith 93& «f»mgo i^ l^«ia pur fltC* 
1 ^ tspi»nr of t^lvstii^e •mffi»» imm g4 <^  M witlt as mtmig^ of 
g9*£ r>«r l^» io ^Imlant® I^ 4ir« IMMKI el>9erf«^ la »^ of tita S^  
fSSC» ffti^tiad* SSetrvml^ nti v«r:r; <%f«rfod in ^fmi mmn, %im 
msrik^ of tf^iich fitria^ frse 0 t» 1 vitb m. ammgm of 0*0S per BfC* 
tba aiaaii paftrlag par ¥S0» ttasaforaf la 12*tZ^ '«'29«8^ '•'0«0S^« 
laggardf Hf Iwan f^llaanad ^^im tamplmm t aii<l ait^ pliMa I I * flia 
uttriwr of Xagcnrte irseiMM inn O to U» th« ataraga balag 4^ ^ 
p«r 1 ^ darliw anspteia It I t wurlaa fro« 0 to 14 dnrlug aniyhaaa 32 
tlM sfaaraga Italig S«0 p«r IIM* Iha malbn of qporaa Okatrfad at 
*tatnMF ataga imrlaa l^ r«ai S to 6* Oat of IXIO "tatoadF aaUa stndlad 
at *tat3nR# ataga iXfi Im4 trla<tot ^ b»A tatrate* iH i»d pastada 
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•itf %Xft kn§ fitcmdtt* Ii|.fr9ait«l«i inrr* ^nmtnd la s tm itf ^ « 
"ttitvm# at3il»« 3IM» malNr of iKl<ardnii«li^  IMOP *t«t]m# «tU inuriwi 
to 7D^ igitk «s ctrsrago {^ 59«8/n» ftim ffMd tot i t 9«73£« 
MtftplHUM t msiua £ r « 0 to 10 vitb an «v«r«g« of 4.0 por JC^MC* 
1^ 0 maSbsT of Mmlcitt mrios trai 31 to 58 uitk «» ainn»i« ^ Si«0 
p4r ^^« ii^ tvi«»Xi@tt9 or t«tf»mlim%« li>4«» ^ l a ddacrfod i» m^ 
of tiio % RC^ stttOod* 1 ^ ttMa ptl$iaj e^r- jri^, i^mrviQamt lo 
ftMiteM X «8d ftot^-IUMO IX* HIO anaiHa' of ]mgw^H» ^imeims ivsm 
0 to 6 vith sm cfirsio ef i«afi per fKO dorii^ a » : M % X aad f i^ i 
0 to 0 ttith «» ifioraigo edF i«8 jwr i^^ duris^ ent^to XX* fso mt^ bi^  
of (QMHTM «^8«r«td «t ^totan^ stiigo fMri«« froM 2 to S* Oat ai 
100 «tttni# otUfi ntudioa g^ hta aift$!t» I4» IM4 trlA^« 9K^  Ita^ 
t o t M ^ ««4 <3t iuuS i^ «Brtttda« itiarotq i^oroi uro c^sonvd ia • f«r of 
ttio *t«t««# ftXla* & • msftiir of itdoroiiwros p«r Htttamd? ttai 
wtim trm 0 to • idllli •» ovorKgo of 0«St ^or *toti«dP« 49$ of 
tlio polloo ipi'vo a teop •taialag roaotioa with aooto ttraiao KQA 
•iipowrod to tm vteblo* 1!to «t«o ^ poiloa «tri«s froa 4 1 ^ to 
wltli aa «fitrai« of S7«f/tt« 9i« aaoi ta i ia ictf* 
£iasUEaal< 9ia oiM*«r of aalvalaiita ^iMnad dsrli^ ^ia]ria»«ia» 
aataiHaaa X matUw ttm 0 to U «itii m awaiafa of 6«U |«r »fiC« 
'ili 
3h0 attito»7 0t %lm.l»nl& mofUm from % to 86 vlt^ aa «v»rag« 
<3f 3S«Ct ]f«r i^ l^ « tim mebrnt ot tritblmti mrlM trmt 0 to 8 
wltlk an ««imct &t o«it por f)^ ana totrav&lffiits 0 to 8 ttdltti 
«s sfiratt of OM por FUC* ft* agon jnlriaK p«f f!{® tbtrofor» 
&• «*U^ ^«2»«l^2 ••^ OWLt^ ^ •O.l.t^* X«KiSag Hiv^wnoMt «9o 
o1ifl«?ftd (%irii« aai|M3» X ond omslMM ZX* Sio oDBlMar of 
lA^lprds veiriM tram 0 to 9 iritti m ftvmgo of 4*0 p9P SUO doriztg 
tttiRiabttio X ABd fjnaa 0 to 12 tdth «a aviomgo of &«S p«r i^ C 
dwriiK iiB«;lui«w n * &• «nb •t of p^orM olNi«rvo6 at tb» *totmdf* 
•tago Yftriot froB & to 6 p«? *t«tm#« Diftds 13^, tv iidii £ ^ 
toferadi 4)^9 fwntftda IQS^  and h«aoid9 Z.^ hism» t>Mn dl>i»sinid la 
" t^«t»i(^  mllm» MwotmnlmS. fira obsarva^ ia s«s»i '"tatara^ e»U»« 
f^a fraqpfn^ of ^ioromielai irarlat £r«B 0 to 2 «ith an avan^ 
of 0 ^ par "tatentd^ otU* 461 of ih9 lioUiai gsmSois gava a &i9p 
ataiolxig r«i«ti<»t with acato e^ainB anf appaaft't to ^ triable* 
fha siaa of taa poXSaii imrias from 30^ to HXJ/a it-lt^ in airmajga of 
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Fig. 13.1 Plant of D,. «M»yleBBaa. 
PIfl, 13.2 Plant of 0 . h«ttHen«a var. fllabratum. 
}. 13.3 ^ F| Dyhrtd ohtafnf^ d fvoQ a OTOSS betveeit 
0 . affiortfiannm and 0 . baslHean VBT. 
qlabrattw. 

Fig . 13.4 SI tet le M«taf>li«se In F. Iiyhrtd of a erost 
between 0^ . ewer teen cm aiMl 0,. battHeara var. 
qlabntuni with 2n » 60 ehroiieseaes. 
%T.» 
Flft . 13.S • 13.7 Metes ft In F^  hybrids of erosi between 
0. wierteeewi sad Q^ . baatHeiw ver, 
fllibnitiMi 
Fig. 13.6 Ditkiiieil* with 12^ 24^' 
Fig. 13.6 Anephete T with leogtrdx end uneqael 
•eaber of ehroaosomet et the ooles. 
Flq. 13.7 Anephtce TT wfth • few laQ^trdt and 
4 cnroups Af ehro«otome«. 
\ ' ^ 
\ 1 
\ t 
- ^ 
•^ 
"^•iV 
-tv 
13-6 13-7 
Ftge. 13.P - 19.11 F. hybrids of a erost b«t«e«a 
Q.. aw»r<c»Biw and a* b^ftlltiw 
»«r. qiibjalaa. 
Fig. 1 .^9 Plant No. 1 with 2n « ^ ebroaosonas, 
F1<). 13.9 riant No. 2 with 2n « 60 ehronoieaas, 
Fig. 13.10 Plant No. 3 with 2B •> 6P ehromotoom, 
Fig. 13.11 Plant No. 4 with 2n « 72 ehreaesoant, 

Ffgs. I!t.l2 - 13.14 F kybrfds of • cross l>«t«Ma 
»»r, qltbrstum. "" 
FfO. IS.13 r iant No. B with 7? ehroisoseflics, 
F ig. 13.13 Pl«at No. 6 with 72 ehromosemes, 
F ig . 13.14 Plsat No. 7 with 7A efiromosom«s. 
rA 
Figs. 13.IB • 13.1ft M l to t l e ««tapb«se as t««n fa F hybrids 
b«tir««n 0 . «iM>r<cgwui» and 2.. battHeuw 
var. qlabrataw. 
F i g . 13.IS Plant No. 1 wi th 2n « 60 ebronosomes. 
F l q . 13.16 Plant No. 2 wUfi 2n ^ 6o ehronosonas. 
F i g . 13.17 Plant No. 3 with 2n " (f* ehronosmiea. 
Flcj. 13.IR Plant *5o. 4 w i th ?n « 7? ehronosowes. 
1317 
m 
, - ' - : 
I/' 
I I 13.18 
F l a t . VH.W • 13.21 Mttatle ii«tai>liM« at Be«R In F^ bybrfdg 
olat>ritw». 
F ig . 13.1«» Plant N«. •? :!:,. Sn » 72 ehroaoacNiai. 
FlQ. 13.20 Plant No. 6 with 2B « 7? ehronotaaet. 
Fl<j. 13.21 Plant No. 7 w»th 2B « 74 etiroMOtoaes. 
" 13 19 13.20 
1321 
Flg«. 13.2? - 13.24 M « U i l i In PU«t No. 1 <2ii « 40) of r^ 
hybrids b«tif««n 0.if-r<e>wiw n d 
0,b««IHea« v«r. qlebratam. 
F lq . 13.22 Di tk lRMl i with 12% 24^^. (Note the 
httvrMorphle h t v a l m t t ) . 
F I Q . 13.23 Aatphase T wlt>< laffprds and mequal 
•aohur of ehronot««M at the i>o1e«. 
Flo. 13.24 Aaaphase tT with 4 ^ouofl of ehromoseaet. 
13-23 13-24 
Ffqt . IS.3S . 13.27 V«1ei1« ia Plait lie. 2 (2ii • <0) of r^ 
kybrlds bntPMrn 0 . •—rU—aw tnd 
^* b M t l U w VT, qUbwtaw. 
F l« . 13.2B Dfat l i iMff wUb 2^4 29^^. 
Flf l . 13.26 Aaa|»|i«se T wfth 2 laogardt and aaeqtial 
aaa^ar of etironoiioflei at the polas. 
Fff). 13.27 Aaafiksfa TT with a f«w laftprda aad 4 
traupa of ehroMOfOiiat. 
\oA 
13-26 13-27 
• • { • • I f In F- kjrbrttft betwMR Q.. twerlcmifn md 
F t 9 1 . ia.2B . m.ao M«l««fg U p l« i t N « . 3 (2a m ») 
Fig. 13.2Q AMpiiai« T witli laogards and naaqiMl 
aa«l>«r of eliroaioto««t at tk* poles. 
Fig. 13.ao Aaaphaae TT «rUh 6 greupi of ehroMoaoacs, 
30 
Vet Of I t In F. hybrids betwe«R 0^ . awerlcwiwi 
F l q t . 13.31 . 13.33 Mt let l t In PlMt No. 4 (2n « 7?) 
F ig . 13.31 Dlaklactls wHV ?^+ 32^^+ 7^^, 
Fin . 13.32 Anapbate T w1t^ lagqardt ind vaaqual aimbar 
of ebroaosomes at the poles. 
F lq. 13.33 Aaapbasa TT with a few laggards and 4 qroups 
of ebronosoaas, 
13-33 
Fl9 t . \H,M - IS.36 l«lofl l t In ^'Imt Nd. S Cta « 72) . 
rifK. 13,34 nial(f«otft wftH 6% 8 8 ' \ 
F|0. 1?).36 Aii«plii»s« t wftli lafigtr^s sad iM«qwil 
«iiiiti«r of thnm<i§tmm at tli# iNtlM. 
f ffl. 1^.S6 tRiqiliat* TT «{tt» s fan lagiwrdt M 4 
S urotioa »f ehroMOiflwiet. 
13-35 
-^3-36 
Mttai i t In f . kyfcrldi b«ta»««ii 0 . w r t e w w i md 
0 . bMtHewi t t r . gltbrfttift. 
F |9 t . ia.S7 . » .99 «tt»«ts tR r>lti»t R6. 6 (2R » 72 ) . 
F l« . 13.ST D l t k f t M l t with 2^4 $8^^. 
rf«i. IS.SP Aaai^st* r with Itogtrdi and «««qval 
iiMi^«r of diroaotMMM t t th« |i«l0«. 
F ig . 13.fl9 Amroliat* TT «ftb Itgffird* •»rf * groapt 
• f eHrosMtsoacf. 
13-38 13-35 
a«l«f f t iff f» liybrftft h«t«MR 0 . • w r f — i w i mil 
F l 9 t . 13.40 - 13.42 »«te*ts ifl P lMt N«. T (2M • 74 ) . 
fH. 18.40 Dlaklnefit mifM 14% » ) ^ ' . 
Ff<|. 13.41 Aa«tili«t« T w1t!> la^NPTdf aitd neqiial B«tb«r 
• f elirM»««ea«s at tli« ft i laa. 
F ig . 13.42 Anav>li«f« ^^  ****» • ' • * laggards and S (Trevfit 
«f ehr(Hioio»4M at tfi« palas. 
13-41 13-42 
115 
eimptor 14 
2ir»4i8 ) 
fl3« ooibfap of mo§9m AttM^fUdi p«7«iiitag« of mvA Mt^ tioiibsr 
of totd« g^Mmttdf lanftMr of MHidllBg* farflvtd to saturi^ oto* 
svo glvtn la %b» eimplm: on i^ ylnrldlsftttoa* ftm ^ylnrtda i^ii^ nttorfd 
and f loiMtrod £avo bem atoiSied Sa datell «eid « n dttMrlted bolov* 
14«l> CbqpKratif* 8it»pl»>Jbc^  ^ F^  '*^^>^ ooi& pKr«mt» 
IKio f^ arpi^ XQ67 of t l ^ two ps7«3t0 fott (i23?«a^ twm <fte@«plbod 
imdcr emptor 6* tli* eo^pamtiiw mBofptaih^^ of tls* i^lsrids &iaag 
viltb tfas ptro^ts (Figs* i44> to 14»S) Is gifwa la Ikblo X4«i« 
Fran tbt jpnranl of tf:« Diblo i t is ovJJtnt tMt tto ylsstsy altho%h 
vlcoroiit la frotftby ttov aa latcri^latt mpptKcmm for awEQr 
s«rpl«3logi«ftI ebatafftira* Sto l^ 'bridsy llko tlio foaala s»v«at« 
ar« portimlal* tim hgrlnridt aro iatorawSlata iHKlifitn t'Jo pNraats for 
•laxmitora lUta 9Mp« &ad ilaa of loaf 1»3A4« and loi^h of oalyx 
aatf oorolla* ftia braali af th» iylxrida aro a l i t t la blggar ttaA 
thoao of tiai paroatf* tH Immtk of tte p^H/olsp otaama «s4 
fYvitlag ORijrx la tiit l^ ylnrida l«» toMnrw* pwllw tiaui thoaa of 
%im paraata* Zba oU jfiald la tha tsflnrlda la aot raduoad and la 
aoaparabla to tlait of tim faaaJa pRt-aat* f ^ o i l «i»tilaad froa %im 
byflaeiM tea tha aoastitsinta ta iim miM pwraat la additlaa to tiia 
aaw a(»|ioaoata illm altoal and garaalol* Ca^ptary tiia mjor aoaatitaaat 
1 1 6 
lA tilt MiMit l t l oU of tte f«na« ptrcaly is ma^t^ «bs«at fvos 
tilt oi l of ttm ty^idtt 
1««S QvoMtoao nnAir «id ktxyotfpo «imlart&« of ft tftelAi 
Sht ttliaroaos^M auiieM and keaijrotjrpt fitui2jirai» of tte tiio psrinttif 
two ptvintt I t ncrsftl* 
&i«88 c^rototoatt ( flg« i4«4 ) fasft Wwo tomttd ta t ^ I t t f 
priBOrdte of tht F^  l9^l4to« 1 ^ ^«<p!»dogl««l dtttils of tim 
ia&itiSoBl thtommma of thi % IgtoMt art siwa In Wbim 24«8« 
l^ rmi tl» pcroml of t!» KftbiA i t j ^ «^^i%i tlHt tfit tlarancMoets of 
tb$ i^fi^tM Ulct tlioj^ f oant! la tilt puMUtt tiioir im^latloa la tfetir 
iadifi^Ma Iffilgtib^ Vtm JUuigtb of iadiiris^l eteoaois^tt tiarist ttom 
0»9/(sk to 23ytt* Sfe* rtlatifit Imgtb of liKlivi^il idlaeoiiMoatt mr l t t 
froa 0*9 to 2f9« AU tteraaoieitot taratpt tisraatgoatt lot* £1 tad 86 
hftvt V$ iMtttta 4& mxi SO a»&$ thtrtfovtt tart atttttntirit vith ntdiaa 
ttatroHnttft &afommmm tSl m& 8B tavt Hi SB mad 41 Mi^ttifa2;r 
tad» tl)«rtfort» «rt ti&aMottatrie with ttlwtdlta ttntroatrtt* flm 
tatai eteoattia lamtb i t SBAMm ftit !«# teiitv«^» abont S7««^ 
i t t t tiwa tbt iOQittttd tlironttla laagth of lUS/u tim thraatuMit 
of tilt Wi b^$A tela btta alt f t i f it4 la tht a»at taigr a« tfct 
t^ DTOcaaoatt of titt pavtatt rtporttd matlhse Sa thi^Mr 8« ffaa ttaryotypt 
of tte f i . l^toid tfarcMKuraaat ttet atgr bt ytiftitatad a« follava* 
2ai«aa U i "t* 48 0 • 81.4 ^ , Slia axptttad Itaiaro r^pt i t ea«88 « 
8 A ^40 8 ^^l? 8 »128«;8ia« Aroa tilt jNRrataX of tMt iatfotrjm at 
1 1 7 
M U m» twm M»l« i4«2 it ia vridtiit t)i%t %im «fero»o»aM» 1« tlm 
' i ibsrtnridi Iftvt WKMBTSOM « g«»«nU> radwiUon In timir tndifiteii 
Itagtli MtuXtSag la m ^iHmtmim la %b§ kiorf olgr]^  tad a iwteatioa 
ia tte total ahroMitSa langtfc* tt» x«dB«ti<» ia tte lioiKtli tit 
ittdiiriUliiai eteoieioata cvidtiitly oetasrad la tlit loogar A t j ^ a«d 
' ^SP^vAll the 5 parent&l A» type ohromosoaes are reduced to B type* 
81 B t | ^ ptrtatal t^tstomaom» ara rt^tai^ to C %jrg»* flwrffixraf 
ttka ra^fftiffia In t ^ total Imgth of eteoiut^ ia aiinlj fna to tMs 
vaiitetloQ In ttia laagtib of A HM B tjj^m of elatiaasoi&es* 
14*8 Hiftfiaia aoA poltot fasptillt^r Sn tbt f. {^ to^ lda 
<B<iriwi«w»w»ii«wi>i»wiii«iwiiMi»w»«»M»«»ii^ Ill Fill iHi— i—iMWB—» 
A ^ iitellid attuly of tilt f3^  tgftold alaroaoafiiat <!tQplag aaioala 
ranalad firloaa lanrc^Qlaritlaa at aifttrtat ftt^ cad* ttblaa 14«9 
and 14 vi and Flforaa 14tA to 14*7 euaMurlsa ttm aaiotio oml^ala 
of fj^  l^ lyrlifit* tM>2« 14t8 srasoatt Urn datalla of tl» dlffavaat 
klatfa of airoaoaaao anoalatloaa otadiad la dataSl at dlaklaaaia^^ 
aatapliasa Z« Aroa tht Ift l^a i t a^ jr ba aota4 tliat ttia aliroaMioata 
aatoalatioaa furlat Iroa 14^ -•> S4 ^ to 88^ '^  li"^. W» aoat 
f mKiaoat astotiatlsa of 9lai9aomam» la £8^ * 18^ vitli 8091 f ollaifi4 
Iqf 88^ -^  80^ vitli 181l« Sibla 14.4 froMata tiw amwrr of tlia 
aoaplata atiutle analyula* Iht waifciy of wULmlaata put lifO 
darlag diilrlaoiU»a>tai>fciiat Z tarlas froa 14 to 88 vitli «i avamga 
of 84*1 por UK. ffet iau*«r of biailinto por fNC fariao ffoa 
18 to 84 with an atwafo of 18«8 par IMC* fho aaab«r of trivalmta 
par fffC iMTiaa fMa 0 to 8 vlth m avwago of 0A8 ptr fMCt Slio 
noAov of totrawlaata ptr fMG varlao fr«a 0 to t with an atoKafa 
l is 
oi OtU f t r HfO* Iht vntf&9 thx^mwom AttoeSfttiaii par IMO 
UMI «BWM of MlMis M (ilte«r«id aftifr dlAlclaMiiiMNitepteM Z 
i» ftlie ^ i i i r l»r<8»2ttr d«* to tl)« lawpilOT oofmnt ^ both 
oniYcOsntt «aa tol^tlnitt* DoriiQg Aoapiiftit Z wot of tho ttfiifttloato 
wltiflt ir^Mln^ oal»i£Ni tl:to oplaAlo foU to werm vltti tho oogfogfttiog 
otoroiosowo to tfeo {»los« SOM of tim bifsloato la raagr ooUo fall, 
to ^iojola Offsslag brfdlgo fomtiim botmon %te aogroitttd 
olaroooaosoit or ooao tiatt tt^iy aav to ono sldo* lb OQM OOUO « 
f ailmni of t-mplRii Z sotoisoat cloe to dtajmpti^ of tb» bitciio&tt 
VOOQI I^ Into tbo foriatloa of aMiatitotioa Qadous* logglaig 
•farQiffi>«9ws mm also <)l»8arf»(S i!ii tmxty l^lk ^aaf^ mm^mm Z« fbs 
aoiibor of lAggKP^ pm B% mafiM9 fvoa 0 to 19 vitb aa afaraga of 
4*1® pHT l ie* Sla lagsmr^ o SA mm^ miUa was?* fotmd to h9 tm^tri^lzig 
tiraeooiotia sltotio divialoa* 
Aaa^ Lata XZ Is aXao iilgl'dgr Ianr«gi2l^  S3 tl« !j_ i ^ ida * PUlnra 
of maashium XZ movtaent Yasttitlng la t ^ formtito of rostitatloa 
attalooa ar uolai ia found la wm^r FJSkit IttSbi^ ctiroa>«»it ara 
also Obsarvad la msaj IftOb durlac ana^hMt ZZ« Zfao mDton of lagpurdt 
{lay BIC iwrlai f^o» 0 to IS vltl« aa ataraga of 8«e4 p«r ?M0* tlm 
laigaHa «ara lator found to ba faralng aloronaelaat nr alaroiualai* 
Otta to tba wvloua Inroiitlaritlat imiag aolaglay auairlaal 
faslatloaa of aZoronioras ax« objMrwd la thi *tatsalF oolla 
(Abla U*i)« fte nabb«p of ijiaroa por "tatra^F* atnrlao froa 1 to 6 
alth la awoMfa of 8.0t pnr •tatratf*. Oat of 100 •talwitf' otUa 
1 1 B 
ttiidls4 ^ ted Kam,4Mf 9C$ }«4 dl»4»» ia$ tei trSm4a« 4iG0( hR« 
tetmdl»i aj( i»4 ptiit*A0 ana fli liRd ImU** Iht •!»• «C tpomt la tte 
"tttnda^ mgi»A amtlditxmliljr* MMvanntibei «r« mlatt «a>Magwia la 
««qgr ot tlM Httani# «eUt« INi aiaft«v of cil«raaii«a«i pm '^UttmiSF 
vmr&tf l^m 0 to 4 iritti «n anorast «tf 0»7 p « *«««»»#• 
Bsllaa grain* of ai££«WKt §!»•» %vt:^^ tvtm U9 a&orms bat 
a l l of thta «r9 SITISJNQ or ai^y oaa <^  oot gtala «itb 
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4 ffraapt at th« {»O1M. 

Quipter 15 
fit* KILBMyPaCHIRICPM GOmEB ( GAHFSR HFB, 2ir«76 ) x 
£ • JM&ILICPM L. 7m, fORgPRiS,CB»Cl BM7H. ( ^ T f i n . 
cmsmm nn 2ir«48) 
Si0 mudMor of eirosses attwRpted, pweentag* of Med Mt, 
nuBiber o£ s«eda gfaralnated, ixoabeix of saodlings i»rrlf«d to 
aiaturl^ «te* ar« glwa in th» olaptar oa i^bridlafttions. 
th» i^ Tbrids which nfttared and f lovered bare been studied In detail 
and are described beloir* 
16,1 Coaparative morphology of Vx tybrids and parenta 
the aorphology of the tvo parents has air d^y been described 
under chapter 6. Z2» oomparative isorpl»log7 of the hybrids 
along with the parents (Figs. 15.1 to IS.3 ) is givan in &ble 15JL. 
Fron the peztisaX of the SSable it is evident that the hybrids show 
heterosis for height of the plant» length of petiole and sijte of 
leaf blade. Zbe lybrids are intermdiate between the two parents 
for idieraoters like sise of braots, length of calorz and length 
of stamens. She length of inf Icresoenoe in the fagrbrida reseables 
the male parent, la the length of stijrle and fruitixig calyx the 
hybrids, hoveter, reseiAtle the female parent. Xbe oil yield in 
the lybrids is not recced. But the oil distilled from the hybrid 
has llnalool and geraniol as the major constituent which were not 
present in either parent. Ihe camphor found in ti» oil of female 
parent i s ooaypletely absent from the oil of the hyhrids. Hsthyl 
oinna»ate» the major oil constituent of the male parent, was found in 
12 
tt» «teoiotoM anfttr and teayotTp* analgia of tht tiie 
paraslat i)« tlllMTlfllthlliTltli Goarka* Sa • f l Mid fi« t l lM l i l i i ^ 
var« iSBSaSlilKtlft Bt^ tl}»9 Sn « 48 l»f« als^a^ baan faportatf la 
•fi^tar e« flia miosla la tlia t i ^ pUMota ia B<a>ail» 
Sa • 62 ateaMsoua ( flg« 16«4 } lAfa baaa aomitad la tlia 
2«»f prlMT^^ 3f i ^ f^ |q^l/6a* S» soirpholdiiaal dataUa «i 
ti& ladiviasai flisra^MKtiiM ^  tim f^ Isrinrida ara givia la 
llia»2a iSnft* r^«»i tha i^ asruiaa. <^  t&a fi^Jia i t la «i»vloiia timt tfaa 
9^i^xmaM6tm c£ tl» l^ i^ rMa liB» t!% e^ ro£^ »ao»ea of tlia paaMRita 
«!iQii mrtatioB la tiailir la^itlitefil laay;t&* fte im^h o£ Urn 
ist^MMul eiaraaoaMMa varlaa twtm o«8ye to S*2^« Iba valaUna 
Irngtll (tf iadlvidiiai alaraaoaaaaa VKrSaa £)pon 0*S to >•!• AU 
aivaaaaoaaa aoiaaiift airoaoaoaa amibani 4» a» 10 aai 9f tiava 136 
batiiaaa 4S aad fiO ai^« ttwrafaara^ era aaaoaantfia witl^ aadlaa 
oaatroaaraa. f^r^mwom aaiiwr 4 iiaa H <»iy ^ M^t tlwraforay 
As aifttaloaaatvia uitb goibtarslaal aaatNaaraa* fiteosoaaaa 
mnikara t , H) aaA 8S Ikifia I3( 40t 41 aad 40 ra^paetivalgr «Rtff 
tliarafaaraf «ra aBdmaaoeantrla vitfc aolbMdlaa aiatifoaaraa* na 
total ateoaatla iMgtli la iOSd8/B« tlila ia* !i0iia«av» aSioot 
W$9§A Imn ihtm %im aoqMiat«# total iriaroMitls laa^li oet lS0«OyB» 
fHa alveaoaoaaa «f tlia fj^ tytold ava alasaafSad la tlia aaaa iflgr 
aa tJw aferaaoaoaaa of tba poraata roporti^ aarjlar la lOmjAmK &• Zha 
kavfolfpa oC tiia 9^ kgflttSA aJrowMroaaa tina M V ^ represented as follows, 
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2a»62»(IA'<>16B'«'410« 10S««/a, fbt «cpt«tt4 kaxyotypt of Urn 
F^  IqrbrM l a & i i » 6 e » 9 4 t > 8 « B -t-lSi Q " 188.0/a. ftOK tb« 
ptrtt«X of tfat karsrotypa «» ntU M froa ftibls IS.S i t it •vidtnt ti»t 
th« e&ro»oson«t ia th« Ij^  tgrknrid hacf wxdvegom m gMMuml rtdaetim 
ia thftir lodividiial Itngtli r«saltliig In a diff«nmo9 in 
karjrotypt and a redaetioii in tha total olvoaatia langtb* 
IS,5 Maioals and {»U«m fertility in V^ Ivtrida 
i» datailad atadjr of miosis In tl» f j^  l^tfrtds has wtmXtA 
rweiaoB Irregnlarities at diffn^ant atagat. flibla 15.9 and i&A 
and Figizras 16.5 to 16*7 somgaris* tha mtiotie analyais c^  7j^  
b^i&a» & lUblo 16.8 are praaaatad the dataila of the diffwant 
kiada of ehroBKMQiae assoeli^ tioaui ^ t at diaSeinaait and metaphaae Z* 
IVctt %im W)l» i t my be noted tiiat tfae etiros^ aaofiie aaaooJatiOQ 
•aariet from U^ • 23^ ••• 1 ^ to 88^ • 18^. the ffloat fretpant 
ehroBoaoMi aaaoelaticn ia 20^ '*' SI ia iSS of l^« AU other 
aaaoaiatiotta together range between S«SSI» and 7«^« Ihe eoH l^ete 
mumtaef of the aelotle aaalyaia ia fMaentad ia Stbla l&A* 
Xhe muriMnr of uaiwleata per tM during diakineaia««e1»i>lMUM X 
Tariaa froa 18 to » with an average of 1S«4 per FMC. the 
Boadber of bimleata psr IMO tariea from 17 to £5 with an average 
of SI ,9 per FMC. Xhe auaber of triwalenta per IMC varies from 
0 to 1 vith m averaga of 0*1 par l%C« Ihe niu4l«r of tetarmtalattta 
per THC varies frcai 0 to 1 with an average of 0.06 per PHC. the 
averags ofaroKnoae aasoeiatioa per VMO, therefore, is 
18.4^ + a . » " • 0.1^^ • 0.08^. 
12 •^  
tbt «ourM of Mtiosit at al»«rv»d «f t«r dSiddrntis-wtaphu* Z 
i s Alio bSgb37 Inragolax', Cnriag amplMMi I no«t of tim uaiiialtntt 
•7* fomd distarHmtcd at raztdon and amr or tmy aot Join tfat 
eliroaoaoMa aoirlng to tl^ i polaa* SIMM of tlMm uaimlanta 
ava f onad to h* imdargolag praooaioua altotio division* & a 
f av Oisas i t but baan tIbmtfmA that sooa of tba univalaats ara 
lata to sola to t3a» eantra and soastloss tfaa7 do not start aoviiie 
during ansphass 2» Ite imifa24P3t8 whicb ara 3Ata to xaaah tha 
eantx«« bam bean obaervad ec t^atlnsa ua^ taz^ olng uitotie diviaion 
dnrliie ear3y am b^ami !• I&aaa dividii^ tmivalants soaetSata 
l^d to tha fosaati(» ;^ raatittitloa imalatts* She iBtiA)ar of 
lag^ QTda cbs^t^ dor:^ anaphnsa S irariea from 0 to IE EKIT VWS 
trlth tte avarage ^ 4*/4 pi^ l^« 
Aoapbasa XZ is also highly trr^mlar in tha ibijrbrids* Failnra 
of anaphase XZ mammxit rasoltlag la tim forastioa of rastitatioa 
imolaaa or nuolsi is fomtd ia aaogr WSkt stadiad. Sai^iag ahn>iK)soaas 
ara alao obsarvad in masr WSB,§ daring anaphase ZZ* XtM naaiber 
of laggards per fW mriss froa 0 to iO vith aa amaaga of 1*4 
per BfOt Quite often the laggards have been fonad to fora 
aierootteleaa or ideroxmelai at later stages* 
Doe to the mriotts izr^nUarities dsring nsiosls aonsrieal 
variations of alcrospores are absenad in the "tetrad* oaUs 
(Iftbla lfi*5} • Iha aaxbgr of apttrea par "tetrad* varies frost I to 
0 vith an average of 2«i6 per "tetnUP* Oat of fiO "tetradP sells 
') /, 124 
i4$ mm wmmAB, 9& art AUAM, Vt$ mf triads mxA X9$t nm 
tiitr«te* HiwsmioXtl «r« dbmrfvid in xitf^  *tt«nt^ Mils* Xha 
imift>«r of 8icaraau«lii piar *t«1anUf vsorias tvm 0 to 8 vlth «i 
fi»ll»i grsias c^  diff«ir«!it «ls«8 tftwlop tram %lm ipaarM 
Imt aAl ctf tfetn av« ttspo^Nu ai^ wtpt^ r* %NF ^ not fttftia vWk 
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n« imi'iimiWinitiMia—•«• 
Pig. IS.l Plant of Oj, ftiHimiiidlidtiiHewi. 
PIf}. 15,2 T»iaat of 0. hasiUcain ?tr. oafp«ratc«ie0. 
Fto* 16.3 A P| b^rfd otjtsfaea fr09 a eross botvam 

Ff9. 1S.4 M1t»t1e »«tS9liat« •f • bjrbrU b*t»«M 
elirmiotiMMt. 
1 0 ^ 
15.4 
Flgt . IS.S > 16.7 M«tos<t In F^  hybrids obtained from • 
erost betw««n 0 . lctHm«»dgeii»riewi and 
O.haatltewm v»r. nyrouraiewiea. 
Ft9. 15.5 OlaklBasts wltb 2 0 ^ 21^^ (Note th« 
bct«ronei>>h1e blvalantt ) . 
F ig . 15.6 Anaphasa T wUh la^fprdt and unequal 
aaniher of chTomosowe* at the poles. 
Ft a. 15.7 Anaphaie ^^  with a few laqgards ^ 
fireups of ehroHOsOMett. 
15.6 15.7 
1.2 5 
a. immmu l cimL nm, mnn)M 
tim moibar «(f «ro*9«t fttl«irptt4, p«rc«ati«« «t MNKI I ^ * nuilMnr d 
•MKSS gvrslaattdy nuiber c£ iMdlln^t «inlf»4 to mtorSty et«« tf« 
giftn la th» «lApftor on i^ ^bgrMltatloiui* S« fe^lda vtsMah tnrvivtd 
•nd f loytcN^ bi'Pt te«a •tnditd la dttail und mm dM«vlKwl bsloir* 
ie^i GoqpeymUvn •orpt3caog7 of ?« t^^ite and paaraatt 
• I I I I lll'l I IM l i f t 
18iQ mcBP^laey of tte tw> piir«it» Ime a32>tad|f bttn daserHQbed 
mu^ eliaptcr 6* Zm ot^ ^psrstire sKirpiK»la^  of tl)« t^iSa (Fig*J^«l to 16.3) 
Gloag with tbd partnts ia g&««a la tibia 164.* I^ roa ti^ ptfctsaX of 
ti% fUble It ia aviyamt t£at tlie ijtoida ara vlgoiratui aod r^  bow 
t^tarotia tm ma^ of tl3a {^orpiiolaglcai a^uraetara* ttm bsfiaM* 
wra fwraztnlal IQea tibt mla j^ traat* ttm tmigtt of t£« y^trrida i» 
gV4»tar tbaiB tint of tlui patants* 3%e ^j^ida also atmt bnUatcmU 
Sccp etsvaotara Uka Imgth of i^tiolap alia of liractaf laagtb of 
oalyx and laagth of aorolla* ths tgftatVia are lat««x«tdl&ta ia abapa 
aad alta of Xtaf blada* la tha Iinftlit of lBf3arQte«Doa ai»I Ivagtti 
of itaMma t ^ tgrlnrldt tmmatol* tbt ftisala par«it» 1!ia i«Bgth of 
styla la Mflnrida ia hommar mmlixae tten that of tbt ptranta* tha 
oiX yiald la ttia i^iA i» aa high aa in th«; faaRla par«it« Xba oU 
obtaiatd firoa tht tgrtxrida ttboira latvrastiag aoati^ asitlaa* tIm oi l 
digtiUad froa lytoidt paaaaaaad aitml aad Xiaaiaol a« tba aajar 
aoagtltaaot* XIMI oil froa ttia faaaXa p«rant i^i aitical as tia atjor 
aonatitaaota* 8at aaiiiiicr ^thlth ia th« najor aoaatitaant la ttm al l 
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distSXltd firaa %lm mim pwrwt* U eoisplKtcly alMunit fsras tb* o i l of 
t t e l9%riilff* tUsilQol la titts a» wtt AdditiaB to «ltral as njor 
««B«(itii«Qta la tto a n of bsftri^m Si lt ibsfoxMitiOA on t l» o i l 
•ODstltniat* la tim i^U* mj ttwrnt wmt l lgi^ ea th9 i^motlo 
bi«i«mtiUi pnthHiya of mm of tteM «,^^tatial oila* 1 ^ V ^ ^ 
plants are ^aiplctalsr gtaviXa* 
16*2 Ohrofi^ iftM noiibar and lod^Totypa aiuUsfsia '42 Ii l^ grlnrMs 
«iwyaaiiwiwi«MMati<*>aaiawi«i^^ Jiiii »«- ! fMo n u ' i . !tMD»ii»i» m^i 
pEiyefTtSt as t«|)Cj'taEl «i*irAij»y, i* aor-^ . 
I£a«fi ehraiiOi9»as ( Flg« IS*'-) l«if« hmn cmmtrnd M tim lm£ 
ga:lmt^Uk f^ tb9i ^x Vla'it*jt« 2 ^ j^tipi^lo^ioetX <latftlt£9 of tba 
ist&lrimaX eivamw&m* of tim 1i\ i ^ r i i r . ar« ^itm la &1t>l£ 16 •S* 
I^ p i^ tbt {wrtiial of tJia %['&IB i t le ctrvlcun tii&t tha alircjaoaoaaa* lli:a 
tkoat tGm<i in t'm pnraatc;, fhaw forlMttca ibi totlr indivieca]. ]4ngtii« 
Wm lmi4s,%k 9f li^ivldual eircwoaoiMa T:!XU» from 0»8ia to S«8itt* 
tim rtlativa Xangtlt «t In^ivl^nal ohroe.3iinstts tL^ to vnrlaa froa 0*7 
to S«4» H I throaoaMwa aoeaapt altfenoaosa nuiii:i';a Sy JUn 14t 1$« 16« 
17, 16, fS, 27, SO, AS, »r, to and f l liaTa VlK !>«tiMaa U and iSO and, 
thnrafora, ara aaaootaiitvic wItJi aadlan cantro}i«::«a« Ctaromoaoao 
naabar 2 I M F^  «l oaly and iiiarafora U tubteloa«itrle vitli 
•iilittaralaal aantroatra* Ctoroaoaoaa nuslMr IS, U , 15, 16, 17, i J , 
t i , t7, 90, 96, W, to and 81 hava ffk batvaaa S5 aad 44 and, tiwrtfora. 
12? 
«yt mibmamm%9i» vitb wfl>ae<lna MntroMNS* Ska t«tel «iarawiis 
Imm ibm tl» «sptflid total alarawtiit Uagtii off ll0*7yit* Ih» 
«te«otaua of tte f|^  lybvIA HM also tlaaalftad In tlit iMi w^ 
M tilt elaroMMMMw off ti» fwrwita utinvtai «urXiw ia «&i^ ptev 8* 
tkB kaiyvtarp* off tilt r^ ^brlA tint mtff h» oXcMif i«d M fti l im* 
fti«4S|« tA'«'t8B'»4B C» 1I.8* Oya« Ste oBcptetaA ktfqrdtgrps off tlM 
F^ lytold i» Sn^fl •10A'* '48B4' l0G« 190«7/B« Bat fk^s tJio pefBtal 
of till liri^ la 14«8 i^ d tte kas;fot7pa givaa d^ ovo i t la ovldant ttet 
tfaa dmrnmimi* to tli* % Iv^ida vadaigaBa a g«i«s&l Mdnatlaii la 
tbalv ia^iflitaal lm^s%h vaaoltlag lato a mdaetioo off tte total 
oiaraBatIa laagtii* Tbl^  fateetioB ia lirilvidital loagth off olvoaoaaMa 
Hat afldaatljr oooanad in tfaa loagar A asd B t^pea off afttOBoaoiM* Oat 
off 14 A tjrpa nifmmamst ooalag ff^oo tlie pumtbB, Itsta beta vaanoaa 
to JJI B typa otooBoaoBM* All tte 8S B tgrpa otoaBoaswaa off tte tiio 
psTCBta liafa baaa laiaaad to 0 t79* etrogaaBSBas* fiboa tlia radaatioo 
la laagtli of tlia total ai^ voBatia Uagtii off tl» Iftorld ia mimlf 
daa to tte ndaatloa In leivth off '^  and B t^f^M off oliroBoaaMa* 
!••> MiHilt «a BtttkB i g i u i i r la Hg % jflBeMB 
A AataiMi atedlf «f tte r^ %telda dorlag Mioala fwaaiad vtvioaa 
intofHUgritlaa at aiffffiarost atagaa. Aibla IB.8 mi i»A mA ftgosoa 
lt«S to 10«7 awaaiiaa tto M1O^1« aaaljaia off V^  lytoriAa* Xriila li*S 
praawta tlia datalla of tiia diffavaat klada off otooaoaoM aanoalatiMa 
dbaarvad la tka 40 ntCa atoAiad la daftail «t dlrirtaaali'Wtaphaaa X* 
9tm tte Tiibloa S0Ji aa4 iB«4 i t a^ r ba aotod tlkit tte oivaaoaoaa 
aataaiatiw vavloa «*<» IB* • tt*^ • » ^ to «l^ • i^^. fka aiaibov 
12S 
of ani-v«a«it)i pw W& m»l»B trnm %& %v 62 latth && av«rsg« o£ Sft«$^  
iwr fits. Sb» imiab«x' of ^itrnltatit pitt fliC vorlott ircM 4 to £5 with «Jt 
AiiwragA of 4A*S jpo? I'M!* la foi* mlla %hm himlmA £:iKmti&i,m AY* 
found to :»> bstravs sti>kotar&127 oMSmrimii elm>miK3m»u^ tbsi of t te 
iBJ^ iMi tocm 0 to 4 witii on ttTtntage of 0*85 pio? I^ K/* ll» miidMfr of 
tetsraimlsnta per KIO irarltui froa 0 to 3 with an livisrsg© of 0*48 
dialilaotls-setaplaaa X tb«r«for« 1® US^ • i .e,S^ * C«S»^^ • 0.48^ 
l3 also 5^c^ •Ss^  irrrsn^^'S' -^e ti> U*® _-^ ns,-ice J^ ? e» •^ ''^ C^ msi^ >«y oS 
e3»Mipt fo a f«« mamsp wftre fouid to disjoin noruXX; a»a lavs to 
tb« p^«s» But In ecK^ <3i}iie %im iSwiasnts fai l to (lis.loSn* rtmitij!^ 
in tbe formiion of • rssftitutlon a^X^t* tlm dif>trilm-i<ai of 
imivalontf i t qulto «n«{isftl« ^m Qi tbm utilTal@at><i get iao2&aod into 
orto 07 t ^ cthsae m% of oibrojoscsifta wtviu^ >o w^ |^I«9 d^Jbg 
lun f^aRM 2 w^ilo othto'tt l«i boMad OT boos^ i^  sttftttwed in tho 
c^rtoplspt, lilt naidb 'X of la^ cgutfcla p«r B'lC during suiv^s* Z viriot 
froa 0 to i@ witi^  «» ftverago of t*l per I'KC* ^ ^ Uggia:^  ol^miDaM 
in mtK^ e t l l s vcrtt fou:^ to bo tmdorgoibtg prateseioms xitotlo dlvislim* 
Aaaafc;a» Xt 1- a*30 1 TOgui-ir* JSTBISJUI a nr .U-A^JU .^^  X2 Siov^ ttvrJt 
r t s j l t a in the forsntlon of rd^tltutiart amlmu or -sudLoi Obaozirod 
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fifCt sta .'l«d* fiit nmtoer of laggiuNtf vurtot flro« 0 to 18 witlt «i 
attract <tf BM ptof f^* llw 3Jigg874» war« found ooottorod or • tm 
of tiioa 0po»|)o4 tQsotlMs> and latar foraod tl>t3r omi aplfl^ loy ro8t7Xtlag 
iato K&cronteXina ov aifirwaueloi* 
Otto to vurloos iiTtgularitlei ^tsmiag mSMim^ mmtimX 
varlatloB of al«ro«par«f i^ tte *'t«lradP itago im obscrtmd* Sto 
•Sao and maSt^Kt td apovaa Sa a HalvadP wrios ffos o i ^ to caU* 
tim (xoiiNr of apo7«9 per "t«tx«tdP fsvlaa fros 1 to 4 fiitii an 
avotago of 2*9 ptst *t«tm^* Qtit of IQO oaUa studlad at ti:a 
"tetrad «y%a <SI t«d nmada* <K(S& iiad dladty W0$ iaA trtada and 
1^ feAd tatradt* Ktoramieljti ara Obso'vad In ttm njority of tlia 
*tatra# otUa atodiad. fha ci2i^ v.r oS dUeromolai p«r Hatfad*^ 
variaa fraa 0 to JyO «iit& aa awffaga of 5*6 p&t "tatxadP* 
FoUaa eemina of diff«7€sit alaaa ara foraad frosi tl^ a ^porea* 
But a l l of ttes ultlaataly baaoaa atinaoJcaa osr ass^ tjr ai^ do m% 
•tala In aaatocMifi^ o* 
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o«? * o*s 
J.SS ^ 0 . 3 3 
0«® -^OaSS 
ns •Oe^ 
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«3.ol. 
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i«& 
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^•-0 
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e»i> 
0,9 
0«D 
0.^«j 
0»9 
0 .9 
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Q^f 
C*T 
4> 
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m 
50 
50 
41 
a 
41 
^ 
m 
QO 
50 
so 
GO 
SO 
m 
m 
m 
m 
M0 
m 
50 
&• 
m 
m 
m 
m 
QSi 
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•» 
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1 
i 
8 
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i 
i 
i 
i 
1 
8 
i 
i 
4 
i 
% 
I 
I 
8 
F«r«tata£« 
8*8 
^•5 
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8,8 
8,8 
8.8 
n,8 
@«6 
8«6 
^•S 
5.0 
2«i 
a.8 
X0«0 
8*6 
8«6 
8*8 
8,8 
i«0 
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%M» iMtSt i •oKtlnatd } 
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^ t'^m u 
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Ibtel 
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1 
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a 
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40 
o# 
&j$ 
7«5 
Sf® 
8*3 
7,0 
^«3 
2*3 
@«0 
S ^ 
I0@ 
4 I {^  
M 
^ 
I 
9 
a 
IS 
s 
^ i 
o 
n 
B 
o 
B 
o 
$ 
a 
i 
o ! 
o 
21 
8! I 
ttMm !••« 
fiaplfttlM fta tiMi anibcr of ip«r«i la « * t * t r t # 
]]gr^te«4 Igr pollwi asiUufir fl»U.« of i i9 f j , t^ yterM 
^ A* SKttiMBSB i ^"^ ) ^ fi* i i t l i l i l f l T i l l f l t l i 
0JA4« €8 
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Plo. 16.1 Plant of 0^ , tetOTJoainia. 
Wig, 16,2 Plant of 0 , ItHtBandtoharlctmi. 
Fltj, 16.3 ^ Fj tiylsrtd obtained fronr a eross between 
Q.» aBfylc^ Ha?^ Bad 0. ^t 1 iwawdaetiarlctmi. 
. > ' * • ' ' B V ^ 
^ 
Flq . 16.4 MItotle netaphase of • hybrid betwvm 
0 . awTleaiium and 0 . hastHewa var. 
PMn>aratc<Hic« wtth 2n « 74 ehroaoionas 
!G' 
FlQt. 16.5 . 16.7 MefoRtt In Fj hybrids ebtnlned froM • 
•rot« bet»c«n 0 , iwrfciinMW end 0 . fctlf. 
i^OTdiclitrlcw. 
Fifl . 16.5 niakfneilt with s V 2 l " . 
Pfg. 16.6 Aa«{»b»sc T with laqqardi nnd untquRl nu«h«r of 
ehroaosAaiM at the poI«>s. 
Ftq. 16.7 Anaphase Tr wltb laqaards and ^ te t t of 
cbroMOtoaei. 
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16'7 
IS"* 
mmcsjin of mmma^mwi 
£• teUlUfirt «^ '^H'* £Ji*^*^ 8«ath« ( 2aaie )• 40 aarMl 
6* la*^*^f ^» o^x** jlalMpatTai B«3ith« 20 ot %tmm vitre us«d to 
scpvt M control* ll* rmmlMSs^^ 20 co^Xlaga w«re tr«at«d trith 
eoleblAizi** A foliatlQa d? 0*^ of «>l«hielat wtt {artpurnd la 1Q9B 
g]Cf«win la 6i«tlU«d uft^ tr* Sboot Apieta 9f I^ d i ^ old 
•Mdllags »«T6 giiwii tim iSMmtvmitm fh* ftrtt 4 jom^ l«fiv«i 
of tho M«^liaga <£rii^  ttp <^ « to ti» «o3.e!dein« trmtaant mnA 
tbm gemth of tim apfti s^miaed loMblttd far 9 to 8 dijrf• SSnta 
an «8»xp^Qs oailuf-dllw oa%rodrtb «&s ^rarfttd on tfco tr«itted 
apimi* 2b 11 asodillQgs no ftirtib^ gvovtls was a^mrwA tm^ %tm 
plants dli^ af tor a fair dij^ s* AxUimry bada trara fomd to datalop 
froK tim axil of tba two loiianraat iMivaa la tim aaadllaga tbat 
bad «tzirirad* timm axUlaiy fmoa did not aiKnr a^ affaet of 
aolaiiiaiaa traatoaat aad^ ttiavafora, thaor if«ra raaotad froi tba 
M^ilaga to (Kihiaea tha groiith of tim aoiablotna traatad i^ a^x* 
Tiiia raavltad la tim (^ath of S aora aoXafcialaa traatad aaadliaga* 
Aftar tt9 vaaka« tb» apax of tha 4 aorriviiHt aaadliaga jiiakad IQ> 
gronth and prada^ki ahoa^ a at aolahipioldal mttira* tim aaadHaga 
vara tfaaa taranaplantad to tha f laid. 
Oat of tiw to aantrol plaata mis ^ diad bafora raaahli^ g 
aatnrltjr w^Ua* eat of SO traatad aaadllaga^ 1ft diad and cwly four 
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of JLQtl ftad tbt trwit^ popsH&tlan lad s ncvtaiity at 809(« 
%i^i» 1T»3> fnrtwmtt « «»q;iitatif« ftocmiat of mmm of tUt 
iapartmt mxrpi^l^iflttl idtumeUrs of tho laduetiS ittitopolTploldt 
and tim «mtrol pZaatt* fr«« tiia Sibl* tt3» foU^lag tmtarm m^ 
b« DOt«!« 1So% ttutotTolyploMt ( F%« 17. g ) ara lass vlgorcnm to 
groiittt AdQ^  at:<irt«S' fa helgtufe* tto f Irat faw Imveft, aaax i^ag out 
of t ^ ftjlahieiiw traatad lytcEX of tin taatSiaflea* asa uaoaXIgr ymtf 
%hX.fk a&d dtefiptrad* f}» l^ivaa r^taXoping latsr, altbougb aormi 
in aiftpai ara msWim tiban ti^sa of i&a eost^ rol planta* fl« laataa 
to tba, ai2toi^l]rplo^0 ^ * "vvz^  ^^ <>^  tMfliter and votigit* 1 ^ CX9ire?lag 
io %im fl^opol^pidida Ca ^ alagrad for tvo VMICS ao^parad to tfaat 
la tisa aoal^ol plan^* flw Xasgtb of inflorcs^aea la tba 
av(topoljn;)3lolda la •tsxtecr %^r% that a£ t l ^ aoatrol plaata* %ba 
braete In t^it autopoi/ploldi ara blggar la alM and glva a laafy 
appMcaaoa* Xa tiia alxa of floral jparta* tba autopoXfplolds do not 
iiavi angr sigalfl«aat dlffarcaot froa tliat of tba a^tni l plazita* 
Bat tba fnit lng oalgrx and tba aaada ia tba aatopolgrpljoiida «ra 
bSggir tbin thoM of tba aeotrol pianta* tba total barbaga .ylald 
la tha aatopolyplolda ia laas «»|iarad to tbat af tba aaatrol pJLanUi* 
But tbo oi l paraaataga la tba antopolyploldt axblbltad aa Imertaaa* 
Xa tha aratrol pluitt tbt oil yitld la batnaaa %*fXk to l*Sf( vbartaa 
In tbt atdapoiyplolda I t la batwaaa XJSit and tjS* tkm m^m oi l 
aoaiAStttanta In tha av^opolyplolda and amtroi planta» bOMnror, 
ara tfaa aaaa* 
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iy«8 Cytoloffir of TOtopoiyploidi 
/ l l t3»e fttztopoly^Qlds h8v« be« cjrtologlcelly tptmlnvA* 
2n » 96 eturOBOsoBoa have betxi ooimto^ Ikvas th« l«af prlisoz^a takon 
from the axUtasy Imda of atitopolyplcdd plants* £^ff«r«}t ohscm)sm9 
nxahmfa x^Q^g fcoo 48 to 94 have also hem observed in a f ev oi^la 
tib«D the tPiBt«3 fliboots atorted ^roilD0« 
The mo&osio in the atitopolj^Ioiis i s basloEaiy ocmal. fe1^« 17.S 
fO'esfffito ^ c ddtoile of duoaoaoae aae^oiftlona durlxiig diaMoaide* 
fscfbai^ atsa Z oboe^ voS in £S BiOs* Frcis tho^cble i t mf*7 benotgS thct 
th© dsroffio^ aie asaocie'ticne aro d.thop bl^<i^o or t€*PC-ve3.633to# 
daiT^mte m<S fstmlmte imvG not bem <^0@rve3, S*heiK>c6 ecmsson 
assooietlon of chroBOKDGO ^aii»s <aelsiasio«i^ feaptese I ia 80^* 
tMoh ie apposdmst^y <!B€ of the total E?I3 otttfSlcS. ^ o pffOtfstages 
of mus bB^ Ang ol^ «2? kiB30 Of (&rCB50K>3e ccnoalnticae reai;:^  bdiw®ea 
4 ani 13. Tal^ a 17«4 preeeats the eisssiozy of tho ^xs^dte azotic 
•salysiB. ThanoBber of bi«al^@ per "PM ^ iorios Seom 16 to :^ 
vlth as avd^ge of 30*<1 p&r FHO« The ntSBbfP of tatravol atts per BfO 
iraxi ts f roa 4 to 16 vith an avarago of 6*8 per HIO. The a^m 
It IV pairiag pt^ r IMO9 thexefor«^ ia S0.4 • e.B • 
Anaphaaa I and aitff)faa8a IX in the aatopolytadLds are also CemA 
to be noraal* But failure in the amphase XI movmmt in one a«t of 
QSiroioaMea baa been not«J in a few oiaia. 93^ of the "tatiad" 
eallt have tetrad roraation* ft of the "tetrad** oeLla have triada. 
Htmadst diada or p«ntad« lAo. have not be« obairtnrJ. Mioraatnl^. 
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ittvn also not \mm dbetimi la aa^ of tJi» 100 ftKm «ttidl«d 
ftt *t«tr«# nisi** 
Altlei^ib 6?^ of tb* iipares d^vtlopta lofllEed n«rBal.9 only 
ttm dSisaMtisr of tl»t» fipi^tntly rUSbie poUUm i t 3AXS«P tliim 
%imt of the e9»t?ol« 1l!9 «std set fa tt» sotopolgrpiol^ !• 
tNi^oia to Wf> rsBpartS t» SS9^  ta ea$ mm6 (i»t in tb» oontaroX 
SiftXft l,7«i 
ClilTft0tQ!]^B Csi^^l 
fiiMt AnnimXt tsnf«r«>sl«it:b 
Eaigbt 
Ii«agth 3i! pstiolt(aR) 
&!•• o£ a^^ M%att(«i) 
FXo»9riz^ tSsm 
Imagi^ of 
8is« of te«ct« («») 
l«Bgtli of mSyx (iBitt) 
£«agtJi <tf «oro2i«(B«i) 
X«ag%h ot »tttaHm(aft) 
Z«tigtl} «f 9t^i» ( M ) 
Xitnsth of fruit inf 
Mlyx ( M ) 
60 to ICO 
( n) 
1«3 to 4*0 
( n.9 > 
ZQtoZB 
( £9 ) 
S»Ox^ «$ to 6.(^i«0 
4.5 to 6*0 
6.0 to 1^*0 
( i o . f > 
7*i to 6*0 
( 8.S ) 
i?«o to i8«o 
7*5 to 8*i 
( 8.0 } 
^t»;^23rplO&d8 
Aotmol. xm^mm^m^ 
4$ to €0 
( ^3 ) 
D«8 t'^  2ft3 
j$,3^*9 to S.SxS.9 
( 6.0 X S*9 } 
taemai^ iftat^ ag 
6 to 12 
( &«6} 
6 . {^ .8 to y.Qx7«S 
( 0.5 X 7«4 } 
1 « l . i ) 
4«8 to e«8 
( 8 . 8 } 
s*o to ie«o 
7*8 to 9*0 
( 8.1 ) 
U«0 to i8«0 
( 1S.4 } 
8*0 to BtO 
( 8.8 } 
ChnKt8« 
• • • • • 
&1llt 17* 1 ( •SAtiOMd) 
1 . 
S M A <!lt@ (:ts )^ 
PoUc.) fmtUii^f {$) 
O a : f ie ld (]K} 
««sgtitxwi;tt of 
&• 
8 !3y 31 
es 
85 t3C3 
( 6 0 ) 
1 ^ to !•£ 
EBftnol 
a. 
8«1 Igr ^^2 
S4«S 
76 to IDO 
( 8S) 
I..8 to g*0 
tita^eaol 
( ) tsMtsui 
3 ?* HI 
M 
m 
*4 
& 
urn 
& 
•-« 
^ 4 
1 
<5 1 
s 
M 
Q 
Caj 
f 
ft? 
'J ^ 4, t^ 
f«rlikti«a la waaiMt of wpasf IA a *tttnidF pg^tamA 
}tf polt ia mVmt mVs {WBB) of %im wgtAhni^wA 
fit* iMESl9tSSB« ^f^ totXmix^ f IgttMt «x>« talnm froa 
a nMr of 1 ^ i^^^ 
HfKgt&tism la ataiMr Soidtflv of tatarada 
al20irlag tfaa 
4K>aditlott 
Koaa^ 
Oiada 
flilvaaa 
HnU0M 
0 
0 
68 
0 
0 
fdteA iOO 
> iPW JWaiiiidim I ' M H *Knt*l.ilWiTW< 
Pifj, 17.1 PItBt 2.. batlHciBn far. aUhrntvm. 
FtO. 17.2 Co]4H»teliie Isduced Oetoplotd <2fl « 96) 
plant of 0 , haetllewn far. fllabyatam. 
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nSDGTDB Of ALI^ iOaFLOBX AHD idLfmOfi^Ab 
SZIfBBSB Of 0 . AiimlCUigii U 
AJUttpeH^^Uf bu hmai ladoMd fay wlehteliw trmtauii* 
& gransl swtliod of ool^itSiM «{i{>l.ieatiaa is gitma la th» 
«hft|iNQr m nWrlad and ettMit* 
BrylSBlBuy «^p«rlMat« imr* ooBdiicitd to £ 1 ^ oat tfa« «itt«bl« 
«Qitttiitvatloa of «olitbi»km 0o2atioii for laaMlag polyitloi^f la tf» 
ftxiUaiif tenuaetitt of tflcriU f|. t^toifls* f|^  ttiivii* i^U of 
aft flumi ( 2ii"8t ) mil* fc—iliami &• vtr* jasaWKtUKKL (teaii) 
vat Qssd « oi^Krlaiiitsi wt«vi«l for trialAi. ymtioatt cmmatnAim 
of eol«Mel!i0 «32ntioa« Tis*» 0»ij(t 0 4 ^ 9 0«S^ 9 0*Si^t 0JS$$ 
0*8fi$« O«40(» 0*4i$ ftad 04$ tfu |)a?«pirt4 la IQ|( g^rowlts* la 
diftlUaa nfttvr* HIO v«mli8 of tti» mvims tmsbfinstt atit crt 
givw la ISriiXo l e a . Rrom tiw libl* It a^ b« aottd tliftt tho 
trcatnat vith 04$ ooloMaiao did aot «l»if «tf of foot oa tiit 
oieUlsKy tiadti of %im Igrtoldo* SrootaoBt iiitb 0«lfi^ oolohlolao oad 
dtievo ihaw peoltivi rooiat« Ont of tho 10 oacUloBf tedt troatod 
w&tli 0«US( oololiitla« tl»oo otioiiid saao laitial offoot of 
ooXoUolMi, o«0( oololiiolao trootwmt oXoo 9tsamA laitial of foot 
OB 7 oot of 10 Imda trootod* Bat la botli OJJS$ KOA OM ooloiiiolat 
tvo«laiBto» tlMi oololilola* offoot wui of a alaojplolial aatnro« Iho 
•iMOta laoi'glm after tlw tvwtatat nor* alae^^ldy ImwSm ooUo 
tfitli Alfforoat plahfy. Urn loafot dotolntpod fwwt tlioao oiMoto aloo 
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thmmi alacoplold afttiir* «• t»m p«Ht of Urn lmm9 M M wmy 
%bUk txA 4wrk gnm V IMVIM otbaar siivta ifcro naemX lHw tlioit 
of flit {M(r«att» Miait l i« la tte ditfIftarvMBt oi tim »im^ of 
!•«?••• But aftw 10 to U dsgrt tte ptfvntel titara* ofurtook 
tilt polyplol;^ t i l l t aaA ftortlMP giroifth la tScm tHnoat Immm 
aoritl I lkt Htm ptrtatal tirpt« Sit ixilUsy btalt t r^Ud tfSth 
0«C8li «BA «l»of« iodilbifctd ft Bsvt proBOitiMMid tff««t« Qktt of IX) 
•sUisrj haS§ trtattd tiitii 0«8S^ toltMaiat» 7 taiilt ttiaiitd 
toltiftl tffAtl of toldHolatf of tlits* 8 lmS» lattr vtftrttd l » # 
to tjbt psrtattl tgrpt wU2« four dtvtl^ptd into poljrploid ttoott* 
Q M of t latt 4 {loSypleiA dboott ditd ftt a latiff tfeimt* Srtataiat 
with 0«8^ toitliloliit g&vt tht btst vtsults at «U tht 10 trtattd 
bodt 9bait9A Uf t f f t t t * Oat of SO eoleMalat trMted Insatt t i r t t 
toMvw* dltd at a Xatav gttga* fht trtslaaat with ooloMediat 
a1»GVt 0«l^ vat toslfl tlaet aost of ttit traattd axiUavr Imdt 
dSM at tiit tai l lai itagt* & tlit eatt of trtatnsii6 vitb 0*8SI6 
aoUJiKtet aU tadt «3Ktt|ft 8 dltd la tlit vax7 biKfonlag. AU %tm 
MBfltBtgratloat abota 0*81^ tolaMatist «tr« higliljr toado tiaat 
a U tfat tvaattd tadt ditd witlila tiro to t ivtt dtjt after tvtatatat. 
tltttt 0J$ toltMt&M i t tiM aogb tDltabla for laAitiag polj^Mf 
ia tUt txiXl«7 tedt of t U r i l t lytoidtt and lat bata «^>l«rtd 
ia aU tbt Mlbtai^ imt inqMriatBtt for ivodB«li« both atxtopolyiOoMt 
tad aUoptlgfylaldt* 
fttatatat of tbt groirlac tS|>t |att at tba tlmi of iaf lorattaaat 
iait igtioi i t foimd to bt tht aott tntttttfol. attind to obtala f t r t i la 
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iail«rtt««i«» la ttw gUrUt £|^ld«« A eoiq«mtlv« «t i% of tte 
«ot«liitliM trMtatnt « (uttlaxy iMitfi anA gr«iriQg Upf Joft «t 
tlM t i M of liiflartM<3iiM laitlAtioa i t gtvta ia ttb2« lS«fi« 
l)r«B tt« ttbl* i« U mUmt U&t «ol«Miela« ^tatatftt on 
ttmmxim tedtt Ss tte mot% mnmrnt^ uaA qstHilk Mttod to «bt«S» 
£«rtll« laf lOTMMBM tadi Mtda* & tba taea of atoott davtlppad 
l^«» «»l«M9iaa tr«t:tad «xiUiX7 ^Bda* tilt tnfiaraaftBat 
aataZopaaat is aitfaRr <3al«3MI ai^  awjplatalsp oappraaoad. tb» 
aaeaaaa o£ g«ttli« %t» SmtUa J^aaoraflamaa ttvm aolaMetoa 
trantad aaelUassr %ada la only ^atiiaaa 10 to SQSl vharaaa aolehieSaa 
tvaatfEwat <» jfoiim laftoraMaaaa laitlatliMi la warn aCfaativa 
aaS CO to ^ €tf tnnti4 lafl«x<a8««aai baaam far t lU aM 
laroditaa aaada* ^ aaad aat Sa aUL ^HI aUoiialjrploM i^ oota ia 
ttix^j good aad OM^arabla to tl:a aaed eat la tba picraata of 
tlia Wi %teviaa« la £aat ttia aaad aat ia tlia aUopoSy^M 
iittl«raaaaa«a tiu ia^etrnAm ttm aaada »ar« aoUaetad tad aoaa 
to x»iaa tha Cg gaoamtloBi* n» C^ lOaata itodiai era aU 
•toan to te tma a3JU)pol^ lol4a« 
18.S Syattoala of j^. ••«"<r'^r! tar tte in3Bati<ai of tiXl^piajrpiaiiif in 
atarilafj^j^ m H I « i ) * ^114««« 
fi* *n*ffflflffW «^ diatrDMitad ifida3/ la lortJlntt liadla tea Sang 
INMB aoaaidavad aa £• j u K I 3i«* ^ aaflor iMtaalata vfaa aanaldarad 
lM»tii tliaaa oaaaa «a wrnmffmu Mnrtoa (SAtt ) , afteir aot^^lag tlia 
origiaaX t|pa apaaiata of 0* iMviaaMai ia tha Vfff11f*"T iMMKlUi 
aowBtatad that tka apaalMm apyaa. ad to liia «a * aa lMi«tara 
partifla of a M x r i l * ***«f^*«" miaalaa^ aad l»aaa aoaaldarad i t aa 
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•OBfpvelfi* to fi« hitliUwl- S«Hi «t «!• (1978 • la pstmM)^ 
oa tht %a«i« eg a datiilatf iospttativt ato^ of tte aMVpfaolocT 
and vtology off t l» ^pt«lat« wrvafUy Idtattfiad I t at 
fi* MKiUUBl '•'^ «wiil<hBrad tba t m i i buffegr plsofta teiiiattad 
fvon Sontt) Sodla tad Uttt AfoUt a i tte tvna ||« JUW 3<«** 
S2«7 tova alM tnsgasttd tiiat J2* HffFilfMltti powi3>3gr metim la 
aatKom aa a l^f^iii batvwn £• h—^Jena and jQ« JUfil i^ oUom^ 
tgp dodbliag <£ ahramaoaNHB* Aa aK^ariavatal i^tlitala of 
&• f^MPf^Mf £!r<»i its MttSMMit^  puramts fats %««a ama^pliabad 
aad yapwtad tora* 
Sba dttaila <xf tao lat«rsp»ei£la figrtoidfl SxmilifSaA 
fit* AOHI S^^ ( Sa * AM ) a A* b««iii«Hi &• tnar* l l f t iM Bamtb* 
*Q^ A* 4HBUI ^ ^ * C Sto * ^ ) a £• frmilllwii 1&* lur* jHClSBIinBli 
Baath* iM«a ttMdi fa^oartad a^lisv In ^m^stiw 10 si^ %l 
raai»ttti'««3y« fte y^ ^ fegFtoiidto ^  twth ttesa «rat«ae uara CK»pl«ta3^ 
«tari2a» AilG|^|gri>ioi4f bia t»««a Ijsiftecad In Umw tgft»iiS»t Ttm 
•Mds aoUaaUd ftroa aU«|itigr^old la£Iffifaa«taa» faaira btsa loiia 
aad ti)» plaata yalaad. 9m aUopolyploSda agmttealaad VMaablad 
alestSjf %im |)3imta of J« BiMlir&tftliiBi (^xsi^ d ia aalauxa* 
18.8 €ba|ift»Ufa •todf of tilt taptrlatotally ^rattetlaad tad 
%i» aatortl j|» 
A aoafftnitita i t a ^ of %im mt]^\:igiml tlMuratlara of tht 
uratlittla tXlOftlgnpltId fortdattd firta tist fj^  jj» JKHM C^**M } a 
A* H*^**q^ ^* '^<>'* IMfflBriiWOTt wltli ti»st of tlit tat thtalttl. 
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raott of tltt mttv»l Q* MMBpian^ auMi (rig» ISA to i i * 8 ) Ss 
prMaaUd la Kbit 18«8* froit tim Atibl* it i9 dbrlon* t in t tte 
«fathMiiK«d £t* AMClflUBBI •'toiit striStlx^ rsgtaiiUaot to <»• or tfat 
otbor fom oC nateral £[• niWlTTTm •p*ol<o» ^or HOtft <tf the 
iaportant el»raet«ra« ftififat of the plant* lon^b of potiolo 
and l«e^h of Infloresotxioa Sa tiui «3ratbMli«d £l» UUBSiUBSB 
aro aMfro or lata tfaa aaaa «§ ia aatsral apaolaa Q» ailTlflWBIHI 
( o i t n a ^rpa)* Bh» of 3aaf blada* aiaa of braetf alaa of oalyx* 
length of stamaas sad tha laogtti of fsraitli^ <»%%» tlw loratbaalaad 
plaata reaaiSila v«c7 oJomly £• flimifr^«ffmf (lathifl elbaYiaol ) • 
Zba alaa of 2«if bladas» laagtJa of ooroUa ^ d las j^^ tli of a^la ato, 
l a %b» ayntbtmisi^ jQ« aS&SJkSSMMt bo^aver* ara alightls' graatar 
than ia alther fora of Q* |a|iyrlci^m» L* Z ^ alaa of t l» iniada la 
ayntlioslaad X)* aa«ic«iitqi l« aipal to tbat of Um aaads <wllaetad 
from pl&ata la natara* Sba o i l ylald la tim cratlumlaad 
U* aUaJMBSM§ although laffii» la eonparabla to that of tM 
fi* ill£iLtUBI» alteal ^n«« Urn aasantlal o i l ooaatltaanta In tha 
a/athaalsad j^t AHCiaUBUI hoiflrr«(r« ara dlffareat* ftw natural 
0« fUMnriaunuB spaalaa haa sithar oitral or mtlagrl ebavlool aa tht 
aajov aoaatitoant la tha o i l . Site ayathMla^ X2* j^piriaainm haa 
aatlgrl alaaaaata aa tlHi aajor <oa«tlttt«at la I ta o i l . 
18.4 eircNMaoMi naiiKar and kaxyotypa aaal^aia of t)b» 
lorathwlaad £ • 
8a «> 74 0hro»?soaea ba t^i ^cait aooatad ( f ig * 18.4 ) froa 
the laaf ;'irlao7d:la of t ie s/nthenisad JQ* fiffy^^ggf^ Sha natoral 
0* aaarlaanoa haa 8a«Q^ alroaeaonMi aQl^*, flit «dditlQBal ahroaoaoaia 
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« « dM t0 tilt KMnjUaU Q* JUHtf C ^ " ^ ) vhUh is «w aC tht 
of tte «wpl3olaieiMX fMttorvt of tb« ladtTtdml ofaroBOtoaM 
of tte iMiploM Mf • fte lOBgtfa of ladSvliamZ 9imomnamm tatrtot 
froM 0.8^ to 9«eyQ« Sio volatifv Imgtli of ladifldcua olvoMMoato 
vivlog fooi 0«fi to 8*7* AU ebroioaoatt oxotjjt, etooaoaont pftlxv 
&» 3» %t 0» <t7 «,»& 84 bKW I1& iMlMtoa 4S «al CO «»& «ro> tt«s«foe«» 
noaoitatpio with sio^in oeatrOMrot* Qarojaasoiso pdra &» J$« 6» 
0» S7 oaS M teva f^ botiMOB 85 sad 44 and, thtrtforo* aro 
anteattoottttapia vitlt MbattUaa oaataroanrta* 9te total ehroaatia 
laagtli of tba 74 oiaoaogonBa is J41«0^. 32ia Isasarotypo of tii» 
eiaeomaatua wtgf ba raisrassatad ad folloirau 
^•74* i e A ' « ' 8 0 B ^ f 8 G « 140»0/n« 1 ^ teasT^ typa of tfca tao 
aclaraX alMMty|»i ^ jQ« ^ —gAe^ «aa !>• «rai 
3>« i2* iTiinrlT*'ni ( al^ral ^rpa) Saajt <B88A ^ 8 8 B ' I ' 8 0 « i98«0^* 
^* £* •—»'^*w— ( **»^^^ abtviooa tTpa ) 2aa78«8.ai 4- 44 B -fXO 6«?9*6/a« 
XI«H« a diffwaiiM la tht Jtajcarot^ pa is prasast In tha t»tt»al. 
f ovaa of fi« iMEl inm* ^a diffavaaaa la tlia ^axyotjpaa tea 
ratultatf la a diffaransa la tte total afrooatla laogtH* 
i8«8 Maioaia aad pOXlaa far t i l i t f ia tlia a.Tttteaiaad a« ji^ awpiaiff^  L> 
Miioala la t te ayattealaad U* •-g^^ftaj* ^ baaiiaUy 
aoraal. & 8Q0I of tte total mCa atadla«, tte alaroaoasaa 
aaaoalatSaa darii^ dSakiaaala-aMtajptena X ( &bla 18*8 ) ia 
vajp«aaaat«4 \9 tte fovmtiaa of 87 mgalar MfiOaata* Ottev 
aaaaaiatieaa ara i * • 88^ la l«lf 1 * • 88 " • 1 ^ " to tjtf 
8^ • 84 " la 8 ^ 1 88^ • 1 ^ la 18,78 aad 88^ •1^^1» Vf>. 
(Fig«. X8.5 to 18.T) . 
HkhU !•« 5 pm^mU tim mammtf of «to MiotU aiialjeSi* l!roa tte 
SKbl* i t M^ b« !^ttd tlicl tiM nBil»cr of mimUsfc* pme » « <liivi«g 
diAklMaii-MftephMt X vurlM fM» 0 to 4 with m «««»£• of 0««l mv 
vm* ttm aoAfr of Mml«i t t mr lM f)ro» 88 to S7 par THO vitb Mi 
i«if«g« of 88«9 pw t ie . Hit mabor of terimltots por mi fwrlot f»M 
0 to 1 iritli an afovftgo of 0.08 p«P fSO* tto mnlbiir of toliwfftloiil* 
p«r mo firloa f»OB 0 to 8 w&tli aH avtvaga of 0*8 par 7^* Ite ataa 
Miotio pa&lx« p« HfO daring <SialKlaaai»<«atap!Aaa Z tiaa wgr ba 
vapsaaaiitad i» 0««8* • 8 8 ^ ^ • Ot08^^ • 0.8? 
fte aoarsa of oaioala «b8«nraA aftar Mtapttaaa I im» alao bato 
found to be baalaaiar aoraal* I N bifalanta aaas to disjoin tmmiSf 
mA atgragi^ to tfca polas diirli^ az!ap£»ai U lagging eiiroiaoasaaa 
ara c^anrtad In « fair «»i^ ?l>aaa Z aaUa* tto mAtae aS laggaraa par 
1 ^ vasriaa fron 0 to 4 with m ocfaraga of i»6 pw fl^* lagging 
alvonoionaa ara qteaarwd In a fair saaplsaaa XZ —XJM^ Zha ai»ri»@r of 
laggarda par fMO daring aaapbaaa U farlaa froa 0 to 8 uitfa an 
a^ REUga of 0*98 par IMC* 
m of tlii *tatradF milB Imw tatemda, U» ham triads and 9$ 
liava dlads. Manada hmm net baaa Aaarnad la angr of tte 100 * t a t n # 
99l%M stttdlad {VMm 18«jl)» KUroonalai ara obsarvaA la a faw HatoadF 
aalls* H M aui»aA of aiaraaiialai par *tatnt4F wriaa froa 0 to 8 vith 
an ciaraga of 0«8 par *ta1ntdF« 
70 ta 8831 at tita poUaa gnilaa gita a daap ataialag raaatlm 
ia aaatoaaralaa. Sia plaofea ara fartila vltll 86 to TCK saad aat* 
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Kl(js. IR.l • 18,3 Cbesotypes of Oetmrn ««aric>miii. 
Pf<l, Ifl.l •'^ethyl obavleol typ«* of 0. •aariowiwi. 
J. 10,2 •Citral tjrpo* of 0 . (wierfeawwm. 
Pig, 10.3 *M0tb]rI efaninate type' of 0. tmtiennm 
(This Is syotbeslted amph IdlplHdobtiiTaed 
froa a oross botoeen g,. eonip^  and 
%'4^'! 
8-2 
ICI.4 I t t e t f e m«t«pliac« of the lyiitlifttti^d 0 . wnftricMw 
(7n « 74) . 
A ^
 A^\^ 
18-4 
FtQt. If^.S • If*.7 i«1ot1i la tb«» a r t t f t e tany tyntliMtt«<l 
0 . Mi?r«ffqiip. 
F id . 1«.S niaktaMtt wtth 3 l " + 3^*. 
Ff(l. IP.6 Anaphase T aiioivlnq aornal aaaphasa. 
Fig. W.T j^ napliaffe Tt atiowtnq f qroups of 
eliriNiotoaes and two laggards. 

I ' l l 
sfuBS OM Tm iMtiMnmu or mhu J '^ 'sm au^m 
Siteifitinft of ts»t &£ t ^ Ispdrtujtt • M W M S I oi l 
«ai^ niadt» iaeliz6i€ la tli® iiv«s«it lufwtSiiitiaii av« «ii$p!^, 
«it7«Ii «B£«a9if gtna^Alt Uaalooly isst^i cMirXeoi aad 
6Qd calttfitdfi «t vnrtoos £^<M£S to pr«!^ Q« t ^ ^i»ii oil* 
o^telatd f3n3m tiui i^xith MsU ^ra«» la laiia Is Sa£mU» la 
tlBftllty and poor ia yi«l^« A a«tftil«a |{tv«ot£Ki.tl:m la ti^iis 
sp««ltf tef beta mStrttkiBi to gfc»^ tli« MUM ^ thin '^^r oil 
iNti »aSatd fttiA iil3k tM glmttt viMMktd la^ivMMlly* Sit pliuitt 
fti»|»ifftr«A id btt milom |tli«!i0lar}^ ltftllif« but tim* nut •onti^ifvabla 
fmy|«ti<xii la t^ lr «i«iatl«l 9SX «oafti^tiaft« 9gt— diffiirwit 
elMwItal miM Ittvt bMO f cttir^  la tte jj^ smSatim* Tlit eiiiadMl 
rti«t» laolat«d tf^ {X) mt^h^l tUcrlaoI ^ i» (1) miftaaol ^fp9 uid 
(S) «uipfcor tfpt* fter«for«t "^Ha stU diiitlLJL«4 la HuXlt fr«t 
a pasmUtlM hivint ttetw tteraa tiWKfaal raeaa la a mht^wm ni 
H2 
tiiM« im$9t waglitiMStt* As m rcinxtt tte oil i t mth iadnim ia 
qwUJtl^* tHia i« ^te to t l« praiMmot of ORsplKiv vM«b i t 
wu^alnblt %MiiiM U I t not wltiibi* £or p«rfvMxj« liBarwywp, 
tit* bvKi^  ^EBMill^  o l i mi^ £iftv« JKI t» 0d $«r ««it of mtlsfl 
•1msfi»ol «od SS to 80 ptr «« t of liatlool. Aatlyoio of laditldBal, 
plsata im» •hem t lat tte ol i fimM M « « U as tte poretnta^o* of 
ttsfimM oil iriattiiianto vsiy frae pUxit to plant* 
nn ttvaa elstisiniX vacwr lioSiattAt '«iic« aat^l eliaYi«iX 
typ«9 flOEWOl tfpt ftoS «M^hi^ t^ rpa, were -^HmwA to bo cgpaa 
poaiiR&l^^ it!» «oU ^ fN^i^ t^ r tesggias tH l»fIoraa«an««a« 2ba 
•M^s oolloctt^ trm botfe ^i l f i^ a»i I3|>IRI foU imt^ pJ^ uita wnro 
«)«n an^ t l ^ j^ @f aaiie vai^ imal^i^ f ^  ett%lag tb» lBlt«rt$>«aca 
ftlila i6«i gftfoi tJba data of Mgr«iftti<» of tba frog^iies 
raiaatf fyo» (qpoa |}oUto»t«d fXo^nra* Out of $00 ioada of avt^ l 
•iiairiaoi %fp9 aoiRi* ^Sm pliuita «r«r« o3)t«iiiad» Ctf tiioM 80)0 woro 
ttat^l oteviURl t$p§ and 8 iitro «og«ioX tfp9» 9G0 iMdit of tba 
•ttgonol l^ po nova aoim and 807 p2aata «ax>^  $Malaad* Of %!u)m 
iM9 piasta «ava M t ^ l attavlaol ^rpo, 97 plista vara of aagaaol. 
%fjm and l i plaata «tr« of awKiifeoir tjrpa* fiOO aaada ^mn eoXlaotad 
firoa aa^plwr t^ jpa antf aomi* Dkrea jaroteoad mii$ I8S jtlaatt* Of 
tkaaa* MT ««rt MtJ^l aJawiooX typa* 101 vara ai^aaol typo and 9 
war* *aii|!l»gr typo* frtm thSs dwarwtlao oaa oouid aagr tkat thaaa 
tJvaa ahaalaal Moaa la tha itopolAtloa ara fraa3y latai%r*adl«K 
Iwt Mallei almTiaoJL typo ia oora fsra^ oont i« tha popolatioa* lb 
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n^mif %im tmggwi^tim «n4 iniMnrltaUM of timtf «imra«i«rt tte 
lerofMiQr «r t te Mlfod plaai* mrrc analysed, SiOiiit jLjB«2 i r tMat t 
tim vmlU of otXflns ioeporlimxfeg. dot of 800 Mlftd toidt of 
Mi l^ l olwrUoX tjrpo onni M6 Modlia^ o varo oibtaSiwd* Of 
t t eM 19f «nr« MBtlirl eteviool typo m& 66 voro ongonol tifpo* 
Out of SCO selfod man» of ^ugoaol r^p9 •:3«a f^ soodliagft voro 
obtalaodl* Of tbtso 2S8 pXitnts »ore oosfaol T^PO aad 16 plAXits 
voro m»ph0ff typo* lb tbo Cftso of f^fiplxw t^ ypt t l» sooi3 eot nao 
ro4hiCwi^  Ott oelfSitis end tmSy 6$ ooe^ s^ »ire obtainod* 4& soodllx^f 
olbtftSsod out of tfat 55 stodi ooipa ««ro a l l Odisplnsr typo* 
Wittm %H Kblm i t to c^tstto tte.t s^l^^l el«viiH>l ^po la 
^omismtt to lH3th oi%^B»l. aad o&s^ jLia? ty];w* i^onol typo« oltiiougiii 
rooAigivo to s:etl^l elia^lj^l type* io daelmnt to t t e oa&p^ sv typo* 
%1^£dlsfttioa atisSloo isi tbo golfi^ Umn moMSrm^ tMs os boiag 
ohovn in lUiio 18.S* & lay bo latomstlng to ooto itosi tim !&iblo 
t l » t viion tim mti^l tthnriool ^^po i« wemmd wltJli oiti^r ougwioX 
or oo»pl»r typo, tin f^ P^^tny btA iMrt%l oteviool on t te 
dORlsoiit 09ttO»it«itioR $n %ba oil* When tugonol ty^w io orooaod 
wlU OMpter typo tlio f^ progm^ imd oniy ougonol la tlio o i l . mw 
•oopter Iw roooaotvo to ^oth ougonol maA Mtiyl oteTlool VIMMI M 
•ttgOBol is roooMlvo to Motiyl olMTiool iwit doBlaont tmt o«%ifeor* 
H oppoora tJiat tharo U m tingla gono roapoaaiblo for tiio 
tilfforoaoa l« aatf^l «teTl«ol to ongonol, Bitt to lavo « oloar 
piatwo of thio additionaJL mtA la aoootawy* 
1 'i^-i 
19,2 liaheritaaQ* pattorn of vom najor essantial oil oonstlturatt 
ia the totwapecif lo iybrlda 
1kbl« 19.4 preststt the dtftails of ttm laheritanoe pattorn 
of tlw sttjor osseatlaX oU cton0titaeat9 ia the 8 interspooifio 
l^ brldB dbtatned trom the erosaing e3cperi>»mti. I^ on Aiblo 18*4 
the foXlOtfJAg intaerestlng featnrea m^ be noted. CU JEBISUi 
(o i l yield 9,5j( havisg 80 tg 90$ lisalool) vaa oroseed vith 
£• baeiliotua L. var. mtolaa ( oil yield 0«^ to Ijl having 6(^ 
to 68$ geraniol and 2S$ to 80$ linalool) • Xha Fj^  liybride gave 
8.5$ to 8.7$ of oU having 78$ to 88$ linalool and 10$ to 
16$ georanlol. 
& %l» oross of £|t* oaoMO ( oil yield 4$ having 76$ to 80$ 
caophoor) and £ . basilicaia L. var. pttrtairapeepoe ( oil yield 8 . ^ 
having 70$ to 8C^  astliQrl oinoanate) the Fj^  l^ rbrids gave oil 
yield of 0.8$ to 1$ having 70$ to 80$ »Bti|/-l oJunanate. Quaghatt 
the major oil oonatitnent of the fenala parent, uas eonpletely 
absent fron the oi l of the F^^ l^ grbrids* 
fi« iMtlUflMI I** imr. asCBffiKJWnfft ( oil yi«14 4$ having 
70$ to 80$ aetlgri oinntfBate) uae orosaed with jQ. fl'ffrtlMW ( oil 
yield 8.8$ having 86$ to 78$ oitral). ffae t^ iybrld prodaoed 
1.8$ to 8$ oi l , having 66$ to 70$ nettQrl oinnaaate, 20$ to £5$ 
eitral and traces of geraniol. Ihe reoiprooal erose of the sanet 
i . e . , £• ftWrl«i«W 3c 2* ^•ilioMi I" -vaar. iwrnormacenoe. the Fj. 
hyhridf gave oil 1.5$ to 1.8$ having 60$ to 66$ neti^'l oinnanate, 
20$ to 25$ geraniol and traoes of eitral. Geraniol, vhieh was not 
t'i5 
M miet &iX •ooi^itMKl) wui «ros«id tiUli fi« Irttitiiiimii ^* 
«»9* gjfW^taff ( oil ^i»M 0 felVini «Cli to 6Ql Httlr3l «teflS93.» 
S0» to SQ^  migmttl mta X!C$ to i0 Itmlooik as t ^ fia|«ar 
cmgtiticmstfl in t ^ oil}D %t» W^ l9hpt& gim* 9 * ^ oi l tmirSiig 
4C^ t» 6O0K adt^l cisviefiXt SQSl to 4(SS <d^na « ^ «nie«i of 
g«raitol« ftiFO also gcmticA fl^p^iapid m • atv s^a^ pae^ nt iR tlw 
o i i ^ tte F^ i)|^£a SSBOO i& Hit oSHNnt l^ i?^ t l ^ oi l of 
oltlMEr paaroat* 
fi* ^ff»Vfff | ( o i l fSmU HM htiwSm 6 ^ to ?S$ «ll;i^} 
ma orossta ^ itb ii« iffiUnrrlMliirlCTi < oi^ rioi^ &*s^  ^  i^ 
faacfiag 6S^ to 79IS «i»plior)« Sw f^ ^ i^tolili gavo 1^ oil. trltH 
443@i to 4I9» oltfrnXp 3dl to 4U1^  Uaalool m& txftOta of g«mi2lo3L 
tti iH4«gr oU oonstitiitiitt* Qusisi^ v w» oc»^ett3:r ^ot»t froM 
t te 9U. of t ^ J^ grbrii ostS tmi mwstltemAn IliMlooi «mii gorwilol 
tmf miMwA in its iijyMW. 
A* ^<n««*'^«^fmf ( oil yiold MM to «JI tevii« M» to 
YiH foii^ bar) MM «ro«a«4 vUk fi« l i i t U m Xi« « « • ifliiiffn^ (o i i 
fUU MM Iwvim M» to t(» Mttyi oteviooi, eojl to fCtik oosinoX 
•aa 10 to ni l llmioaOL). nt W^ lylb'Uo gvm 4691 to «Qil antJri 
•iicviiolt 90JI to Mil liMiloei, 80 to 2ai «iigoaoi» iO to i f f 
•itaml ao'i gomiei i» !»«•••• Oi%i«9rp tto »i4or o i i oon^noot «C 
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jSlgSj^ QPUftSSl ( s i t 4$ tevlne ff:$to &s0t mttfX ^imumfj t t e 
F^ i q r ^ i ^ S^f« Qi l 3Pl»ld 3*6^ to 9*«^ with eoagtittioott ISIco 
00 ^o 6AI Unljaoly £0 to g ^ g«F«iSol.» 10 to Ifiji ttitx^ mid 
t f f tOi i of a t t ^ l . oiiiaii»kiiitte» (kai^av* tlio >«Jor o i l ooairbltutiti 
of t i l t imml§ psremt «at &mgijtlU^ e^ont froM t te o i l dbtftlatd 
ftoB ttm %%3?Mf • MgtIgrI eiaiiamtoy tlst Bt|or o i l «mgtltt»«st o£ 
t t o «• ! • p i r iat* m * pro^mt os:^ is% tmm» ia Urn Q$loi tb» 
t^M^ MitslMlf gonyalol eM oitsvUl AT® al2> a ^ otm^^toants 
i » t t e ^ ^ 1 4 whlie& mam ssot i;:»@^3t Is e l t i i ^ pti^n^*:* 
l i M oiT 
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] » X & C 9 f t S X 0 l 
n t |r«MBt w k Oil i te timm figlm iirtMmtt d»t« OR dvoMetow 
iiiii#«»t» kaqroftyptty flanOl tetolflurt teMdtog iMtetlfliirt 
ftadaflllflB of po29plol4f 9 ^faftlitsit off aU«po37ptoMt ftron cttrll* 
?!, l»t«vs]]t«Stl« i^tolde and ittterlttaw puttere of toit aajor 
•M«iti«l oil «aftglltiiiatt* I1U« «iil»lM ni ti» drcir Mrtftlii 
•omelntSiOiit r«g«e€ltig tlai liil«nr»3jatiintiii%t of AUi»mt apMiw 
•lid ifVomtlfloMor ttBdta«l*« la t ^ gwaa fislm* 9lb« «irim« M^sti 
of tli» pardblaa tx% tarlgfly dlUBwad Sa tlw £oUoifliig ptgM« 
^ • 1 fiffgmBttifcff <llitKailll9Bi .flClfai gflWll Off 1 1 1 
A ttu^f of tte irorid dl«lvSl»mUaR ( Fig* r«2 ) of s U t i t 
r«p«rtad •ptttes of figJMl *"^ ^^ i^ ^ ^ ^ awtUjilUlli Utomtovo 
iadliiKtoi ttet til* gonttt i t ntU dlttrlteti^ ia tiit wtstr |«ftt 
of %«itli %im JcMMiij^ tartt froa M « Itvtl to ttXH} ft* fb* atxiMOi 
inuriMr of tptoiot tet tettn fpmttA fvoii tte tartpltal xala f«v«ttt 
of Afritft* SMI amiltfil* data on tte googmpii&tftl. dittrltotiOB 
of tho g«nt« jQilm fnggoat ttet t^oro «ro «t 3M«t tlirto atla 
•tvtrot of 4ifir«i%r« flhgr tvt tropitoX tad «ditiropi««l Mgimi of 
AStUmt tropitaL Asia, aad tropital fiart of Awrita ( JftratU). A 
affira OQaiOata aadnrataaAlag at th* dlatrSknotioaal »»«•• of aU t)i« 
J i S ', 
rfwUA tf««iM of filial la tte «trM ! • aot poatlbX* «t yrmitat 
•ad teMdiJig »«l«Uoaftil9t ot %b$ atjaritir alt ttet« qpMiti* Ite 
Affirm tati SoQtIt imstUm ttptSm of fiSlMi IAV« cot titca «aii|)lfft«3jr 
wnrlwa c«t» fter« sr« oeOy slat «p»«i«» out dt lo?* ttwi C M baOsfA 
i|s«el«t y9i}ert«d f^ roa Jfplm la vhiah tte olsrtXMSQEi* miiMr la teosa* 
fl'.« (!lfrlrl3mUoa&l ra i^e of tlitsa i^ pft^ lat ^sto also not btta steditd 
«9 £s7» TSnSm thorn elreauitanoM i t la i^ poggJbla at e^aMBt to 
avriva «t a P l a i t s (^laios r«sai€iag %lm gmaiffnij^Mml diitvitatSfla 
a^ fiSlMi iptalaa la tht ii«rM« Sot J^ «a emsidtr ?«viIov*a (1$4S) 
viaar t i»t tl» f^c^ <:£ 4&irartitjr in t ^ pS&m of carlgla tbaa i t nqr 
t o i ^ oie to i ^ ttet ^»» ragio^a of eaotval and titst Afrioa «ra th« 
{trlacry i^ Uumi of orlgla o£ j^jt&Hl apaidas* ATOB tlMHit plaata aRogr 
spooioa lattp «xt«idad tlitir gnogxmpMa xmngaa^  ateaglag aad atolviag 
and pifildiig «^ additloB«l ganii^ai CVOB t i«lr rald^vat on tlw nay* 
Tta» mtf h% <m$ td tim Tmsmm £m tite alaaa i f f ia i t j of diffaroat 
awaits of StJlHm la ooaa of tlitlr toaia «b«raetfli8* 
tho dittrfttttloo of tiio als QMWIM la &dl« ( ng« 8«8 ) ihoM 
tJMit aU %im Bi* apoaSia «r« not naifanaar diatvltatad* ll» diploid 
ipaataa Si» M M ( >ai4M ) ia aaaf laod aogtiy to goatfeam paorta of 
Xadlo «ii«raaa tJm tatrapSald X^ , ^ •'*^*H|ff la fouad tivoiigJioiit Zsdla* 
Sha apaalaa i|« rTrl^fiWlMl aad £• idMDR^bni aUa lata tlialv 
digtrlbntlaaaX raagaa vltliia tlai wmAimm m waath aaotom vagioaa 
of tlMi Xidlaa aakaaatlnaat, £• ffTf^ffrVn <«»i4 la lortJi 3bdi« ! • 
aaatlgr oaUlwtad* ft doaa not groit v lM* Ibm iMosRplold qpaaiaa 
I i9 
fi* airwlmiifff ^» «i tli* oUir Imtf* toottd Sa tte isrt lMst«a 
Mgicn of lidlftt tm« tpMltt ir«bitb}y «lpmt«d ftroii tte Mnitiuk 
•&a« to tftaa^lisii IftMlt M ft am «ntilr la » cfeiivaa ••oldglifti 
MnditiM to wwt f t and timrUh tftar teirlig crlglaittod • • 
alio^lgrpSA^ ^<s fi« JMHIi C diploid ) aad A* I h t l M n <t«tra|a«lA} 
toaoiiliw ia Mtrim or ilribia* Uto i^ooiw Uko |2* ^»*^^«» Md 
£t* fUffHrff «>* BOiUar cnlXiifatod ia alaost otoar piTt of Suite* 
&• llUlltifffltltearltW ^ ^ oxotio qptolM Istvodiotd to Jiidift froa 
X«ii|ira and dMt aot imta aiqr M^vraX dlisirllnitloB* fte diffMnnit 
ftflgblat of A* iMnmiBi qnwuv to b« Itapt apirt W ^^»^ difforaat 
sascrapbla diitvDtotlon* 
2o«ea PiratttelflB? 
flM diffanntlatloa d? tbo Saf loeasawuM and f loifira ooeurt ia 
tlwt aMdla or tgr tht tad fldt liBoio ta Hi* £ H n C ^^ oti^  tfPM )» 
ft* ^TiV*frr ^i"** fi^TiflfTiiTii «u>d fit* iMKrfbinui (^i^^ k^arpm )• & 
ft* |«^^i*f f f i r * litllNly ft* |)f^^Vi^M. ynxm x^ JdOEldSHb ft* f U l l u l M 
(botli typot } «ad ft* rffffUnii ^ ^ f SLaral taitdUitioa talniff plaoo la ^aly* 
^ ft* ^«^«'*«^«*fc»"<rrT ^li* f l«ral laitSatioa talcta pS*«t ao«t3jr tgr tUt 
• IddU «C AagttMl* %i ftU tlia foraa tht fl»«t tlmm ««^ «Md wlthla l i (» 
iO diqr» of laf Xaroaotaia laitlatloa* Iho aodo of ia«ri«t«i aad 
dwalBynatal aataro of f ioiftv tnda la a U tiio upotlta aro Ixtoatiaal 
Irat tfea alaa of tlMi floral, parta i t alavaatatittla to oaaH apaaiaa* Ha 
la'* 
fit MAliiliBii* tin n9iri!«>li^  l« fer iai^ «!* pKrIo4« XNi 
SXoifKri KTS full!' 1^ 9^61 lietHttn ? «•»* %ii4 @»30 A%m» 
in 42* JMBSlJii C ^^J^ trp**)f t^trawat 7«S0 «•«• to iO»SO a*** 
la fi* 461081 (t»«& tTpM ) «]i4 fi. a«B;lmaa» (^K»tii t y ^ s ) 
aatliffrs ^Mtiw witi^ ln £^  to 80 atoyct«i of eiMHiiQg o£ ilawtea 
$A fill tJbft i^ ptf 199 fita^J^ «a»»|>t £t* iHElSHaHii» £1* 'rf'*n«ta» 
iUiA &• frtnltWlWf "^  H* HitrffllTIf t««« tlo aatteatlA 
oonorti i7tth3n 10 to U »limt«i ot 9{^ »nlng 9£ iXmwf M& ia 
&• jff^ #Mff KoA g* gTittMtiWti ^te miim»i» Qtmem m mrUg' 
II* $ to 10 MluBlof «ftnjf tho oponing oC fIsnorg* B i« 
itttoMstiiig to «ato ti»t titt flowom in tteso forw wlitro 
tlM witlMw&i oo«n!« wrl/y loro iliart l i i ^ « Urn mtit 
vmmgtIaih'lM i t tiiUi mapoot nro XI* mylWi ****! St* gutliMlWHi 
la ifiiloh tiw noiraro witlMr amy' witMa SO almttot to 90 
adJNttM of thtix* ap«aiac« 
ZQ.Ut 
8iMt tin floral, gtrttotiiro af fiUMi nfiooioo l« MNit 
•aitriilo for poiUlmtiott ^ laatoto liln WoOf «roM poUUmXim 
j j 
&• ImiiHWt. liMvmry i t wtt £owi^  t l» t this Migr 1M tnw ia 
tut tMM of %telAimti«B ^stMvi posmlAtloBt Of Um mm 
tjrp* or kctiiMi mtmmBt MirplwlaiU»l or otitKita t^n^ 
of tte M M tavioty* or Wlmoa dSfformt vwiotioo o£ %iit 
mam •ptoUt* Sbo ttowraiit oho^Tpot* «av]ptologlitl. tigrpot 
•ad tlio fifittaX ooqpltaBit fo»d ta diff«r«tti ffrlilMI tpooloa 
•l^ posialSy !!• b*«lliatt» ipoeloe anf {»tf»ti&l3r !»«• ^SgiofttoS 
dtto %Q %hl9 kSaa of «r«»» teMdiiig* IBtet <Bf08sing alt t in 
ttpootef Ivf t l «2«o omaor* Is wi^^gt^A lor tht ooaitgonw <^  
•oso £iit«rtpttifie fovat £ai aittort* Bat tii» iktgtm of 
t^ltrMity tlat CMmm ia tMt g«Rui is not k»9iiB« 
Zht oo^ptrisoa of toodl oote of oolf od sad ^oa poUlaatod 
p3jm%B of ftU tl» apoaiot alatvly intfiaitat ttet orosa 
poUtaatlaa is wmm aoaMa* Aitlintgtt tte sai^ sat cfetaibi^ 
froa saXf tag is vadaoaA »tea ofla^ avad to tiio aaod aal aftior 
Ofsa polltwutioay I t aiaarly ladlaataa that tlia spaaiaa atadiad 
ava aalf aa^patlbla* fit jg* AiKiiMHi* fi* mffifflm «ad 
SI* r^^^—llTff tfMim tM aaad aab aftar aalfiag aaa iMfetav 
aaa^afad to tlia aaad aal aftar aalf lag la atter ^paaiaa oi 
rftflBl- ^ i» iataraatii« to aata tiait tte apaaiaa Sa aMal^ 
ilmm9 Kf atert-difad* aattera «ra aat protaadnaa aad tHa 
dablaaMMM of tte aatteaa oaaanrad aitiUa a fan ataataa aftar 
tlia apaaiai af tte f iainrBf tter aiaa atewad goad aaad aat V 
aalf iag* H fortter ateira ttet ia g» iMBliMHI* fi* J M I t l l 
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•aA fi* irrnllinfir ^^>^ >>*^ ^^ * * ^ f«vtli.li» Sa mm tim 
poUmm irom otbtr piiu^ of tdt I U M popslAtlatt «?• acit 
•fftlliibU* MthQQg^ oitVte««dSiie U •oam la t U t g«n»» tlit 
«oi«fc p«r<mtegt of out-krwAliig tad SOaemAiag ttklag p3««» 
ia tim varioni ^paaiat Sa natera laa ac* btta aabSaattA. & 
iptta of tlio prapondanmaa of qgtJteatfllng la tbt flili lotttiiit 
tlia pfljpatottoaa memg tim apaclat ara fairly aalfora, pegtl!>3y 
^ a to MTtala OUMT faatora ^aonaavA ]btt«r« AUtongJI tlia 
apaaiaa loelwa falvly aalf<aw la tlbaly popslatifiaat tiny 
vwmUA tavlatlcmi nitJi xn^oA to m&sf (|aaatlA«feiva etaxaatara 
ISlca JktSglit* «»fesv <tf aala tmmahaa* also aad alapa of laBfaa« 
ySaia d( iin^itia por pliuiti oU. pemMmtt^ a e ^ qoalllsr of tlit 
o i l hamA OB aajor aoi^ poatntt «1MB aitalyBaA alasaly* Sttaa 
ehaxaeUra are aaiatalaad at a atrttla l a t i l la a i^ortiaaliC 
p^gnl&tloa 1^ a ktaA of i^aitlallgr of tiso gwtoi^ pa* Slta tarn 
'* plaatiai^ * la aaatt to aaaota ^auplitolllty bataam iaaotjFpaa 
of a popolailoa or epaaiat ( StiKblatf VUO ) • b^ a falrljr 
•aaphologlail^ aalfogni poptOatlm of j^ * ^it^ijaaa fas>« 
"V^^llfll j»3aata vitli diffaroat typta of olJUi anra foioid wMait 
aoaU h9 iwlalaA lata 8 ahawtypot* XMt aoggaglt t l» pemmmm 
af gaaoi vwpmaShim for tlia 1ilaar»tlw«la of iMrioaa ao^^anta 
of tiM oi l la diffaraat fr«i«anai««t i««« tiia morltttioa op 
lurtMvaqrgaailsr far t/ia afcoalaaX aottatitaaata vlt^la tJia 
papaftiblaa. OM^arlag tia Mod aat oktalaad irm aalf id aal 
apaa paUlattad p]aata of tlata tHraa alttaofcypta of tiila 
varlat/. I t la 9tn thit vam poUlafttlaa im fafoaraA. 
VJ3 
wwUAiMM of tDt JBaUBI W»%» ft mtli aora tiXmit pi^vaf 
«lboat tte <!tgr«it of ont-ibrwding In tte c«n»* 91m v«mlt« 
of t i« 8tn^ foggtft thftt tters is • ttvong ttadtitK^ la tlw 
8p««iM to oatiferaad and to JuOxtUU tlm ^naeitS^Um fi» tb« 
popoUtloa. Tfe» ottt-^wding betuftn a«ff«r«ot raew of tho 
tfum murisi^ nor t>8 OOH^ONIHI at tlit f Iret sttp towisdit «rott 
brMdSag and tl» »&••• • • potantJal aooroaa of mrlatlont 
sialntalaad for ftctura «vo2»tlaii within a tariaty, fim aiffaraat 
f&3*i«tl9a In tim caaa of aaah spaaiaa vara gpoim togatliar and 
ftlloHad to osion poUisatsf tfaa isrogaalaa ndaad f ^ s snoJi 
ateda nave ans^ead la tb» nest gaaar&tioa and tba 
intarvaviatal and JnteropaaSfio iytoids vara aoorad* Sba 
fraqpcitfi^  of latflarsazlatal bftnei& Swm ohmmA in tto pragaagr 
of ^aa poXliaatid planta imrias fstoi 6*^ to 18«G( i s tlia 
aaaa of XI* ImldififiMi and fi* mrtfftmf fwiatlaa* Xa tlia easa of 
Jil* J | m ti^^i^B fi* JMBBI ( &B*B4} lias foimd to ba a battaip 
ottt-aroaaar than tte «ytotypa, £« A m ( Snae6 )• Bat ia both 
tba aaaaa tba iatartiraadiag battraan tba c^tyima vac iwry poor* 
Out of 1000 aaadltnga of fi* JHUi ( ^ ' ^ ) analysait 10 
iBtarapaalfiB t^ brida vara dbaavvad* IMa Inelttdaa Iqpbrlda 
bataaan al l tba 4 baalliaim wvlatiatf but tbtra aaa no b^iA 
batvaaa j}* ^T**'^Tt or Si* llllMBftntlaTltBi ipaeiaa* & tba 
aaaa of JQ* j y w ( SaatW } onay ooa Intarapaalf io fora una found 
!j '4 : K 
•Kt Of Mm 1000 M««ilaK« «flttljr»«d. fiiSt alioifs tlMtt tfa* 
i!yt«t7pMi of A* i u n i ^ no^ %toi&lM v i t l i ettwr aiiMiM 
fvvflsr* tt i t iHmmm ot la6«ri!pMtfi« cvosalas «r» XJl^ la 
<M9 of A* JMBI ( ^ " C * ) ^nw > ^ <^ «1^  <° ^ ^ *<M* ^ 
6* JUW ( ^ " ^ ) ^yp** '^^ ^ ' ^ fr««a«acgr of l i i tar fwl«t« l 
lor^liSfl betmtn « ^ tuo cgrtotj^t of fi« jguffit %B {arabiblgr 
dao to t l » raftton t l a t tteso Qrto^po« tRv« d«rtlaptd 
• f foet iv* ln]rrl«r« b«t»«iii tfais* A Is lOto d i f f ioa l t to m^m 
t h t M two igrtotj^s u r t i f imUy K Qmptvr 9)* AItJK»gb eroas 
toood^ totvooo tlio aiffwont i^ a?pi!QlogiMd t^rpM fi« iHinttai 
t i l :« i pU«o» tim teoodl^ with otlwr opooioi iit« msej mx9 
0SBO« no h^M f a m oooXd bo Ssolntod £roa t te pQjmliitioe 
•aalsratdft Qrost ttroodlag in £ • (nfiMiMliSflHl ®^Lao opponro to bo 
•oiy faro la mtaro* olaoo i » ^ybrM forao botifooa t ^ tue 
tjrtotgrpoo ^ tbia ijpooloo ooold bo ioolatoa fros tlio progongr 
of tbo opfn {Miilaotod phmtn* 
OoaoldiTiiis tbo ovctalX plotoro of tJNi b r o c d ^ btbivimir 
to f lB tm iqpooioot wo aar laf«v t ta t difforoot Jcibido of iooXotiJ^ 
bo»i«!ni «M e^trotlag to koop ibo diffaroat vwiotSoo and 
0{ioo&o« of tha gamia iaOlatod froa oaeb otliay* & tiio oaao of 
tbo vnriotioa «r A« iMtiiiUlliM *»^ fi* ITnTlltmr ^ ^ aoat Obvlooa 
fiqpwatias MMbanlaa agaiatst oro^^aiag botuoin tba diffaoroat 
irariollaa in saographioal laolalloa. Hit inriotSaa of tJnao 
•pooioa sroir at diffaroat paaeoa mad buf aovar boaa fonad gfoiriag 
I .)5 
$M %h» mam j^lmm§ «I1M« Ivoaa^ tagctinr tgr asm* Urn 
§mtmi^iml ImOMtim of tim "vmittim ot Ximm ts^tim 
Im9 tkm i0f9^^LMi tteat miMk « mi^ •rt««tlv« ^metim i^Oiist 
t e n t ^ tte «|i9tit9 fi« jHBi «a^  Si* fmiititilllli i^ vii ^ ^ 
|j|&«»r^if t« l^to^a U til* pr^ p^nlca ^ t ^ ^mim mtUfwtA 
i^text «r9f8iai villi o t ^ spMlt* of tte giis** 
SI* UliUMJtikiTttSiMi &• fl'iffft^i'^liyiHi 'ittti ^* jinslni* B^I3* £» 
iUml tfit^UXim Zmt «s9m yoXiSmXiein ^ l<t«i«tSii U bam bem 
p&lMimA m% ^ mokiim ( mm } thetf Is «r«i«r «t» mlO^im m 
^^lAiioiia ^ mm Jsightr plmmg %mA to do gMigr Mitli tJwiv 
s iSlffirwit 3r«|»iiaiiitl«B* StiM l^ut ( i9S7 ) llMi 4Mauili»ttA 
%hm% avlf ffrUllitdiott i t « $»eln& fwtert iClroii tMei* 
3:.6 
Y l C l a t i t t of M M tptAlM of I t t J a i * 
SO«S CarwMiiw imrtwp and karrotypo aaalvta 
Ottt of IftO MportOd t p t O l M of fflflllHBf t t e OteOBOMBt dfttft 
•vo «fiiUlii»lt only for low tisKB • doMii oiiooSoi ( lU^lo B.l,)« 
Doni^ BtSQ end ii^lio (19SS) oaa Milm and QUI Ci97B) v^MPdtd 
X • 8 10 tlM btsie maaSbn of tl» gomw fislail* Mnrtoo (1962) 
•uggAftod t80 batii moAtm x'^BaxAu'^SZtciv tim gooni 
p^mff tfid Sfiliti ot «a.* (1079, S& pnm) mpportid tlit •««•• 
A> wasrm cf tht etiroaoiOM naiibof • voeovdad to f as? la tlio gonot 
capporta tiM dfibasio tlnory* Bat ao diplASd taatom vith x • 8 
ia to far ciailabla* SiMrafora, tlare io a2ao a poailbUity 
t int ona of tlio htmiio WOAWB Mpr ba X «46« BoUi thoaa two 
%afie matotoM vla.» x « i e a i i d x « 1 6 a r a epptrmtHy MOOBd«egr 
batia oniitevs darivad tliroiigh polarploidar* A^  alailav troad la Btzqr 
aagiai^am goatra Jbao baoa daaoribad bf Stabblaa ( 1880 oad 187& ) 
aad IJKoadoitar at a l . (1968) • Ibi two baaio asabaro aov axlatiag 
ia tbt ganiia f f t i f f aigr liava Sadapaadaat origiaa* x " IS aIgM 
hKrm boon dogrltad froa taai witb x • • • saailarajr x •• 18 aigJit 
bcva boon d«rivad fvoa taxa vith x «• 8. x » 8 itaalf algtrt lam 
baaa darltid tfaroogb aa «Maplold laoraaaa froa taxa vitb x * 8 
or X « 7« & that oana x " 16 algiife bam baai origiaatad fro* 
a taaai vitli x « 8 tlvoogh a aoriaa of oliongM «a ahova \mlm» 
Li 7 
X » • »«-^x « 7«ii-<^s • • ( ilaoofb iM«ploi4]r) and tSMS s • ! « 
tliroi«l» poXyplol4f • Attotlier ivcMbUttj is tiat tte gr«np with 
s • iff orSglnatwtf ttarangh an samploid tatrMM ID « tsBon vitli 
X »12* Sb9 uMt«feiAl tpvoist praibal>]jr «roa§ •• 9M^MAipl»iA 
iwimtirM from tuR vitb x • • or mothttr vltii x « 8* Such 
«erel«9 of po2^1ol4y tew firobcb]^ 09mn^ msa^ ^^ t^s during 
tl» 0?Q3xction of ongidifMras ( Stcl^lns^ 1866a ^^^ )• 2I» 
•actln9t or s t i l l n»ml!i tadkBOim la the aiddl* of tlm Hmtm 
vaia f oxtttt rasi?«it of AtrS^ trlMre tiM miximM diwsilgr la 
tiM $<9tm of acfi£ikl sj^ soiM «(Kiits» Sinoi cTtol^iesl <3atft aboat 
t te Mviesn vpoeiM «r9 ladetiQa ^t I0 diffimlt to find kar 
t!ics« tiio ti&aie asu^ Mor* aroa«« 
2te first MrlM vltk x «12 M tlM bMie mtttocr inolndM 
ft* J U n vitii as « £4 ( diploid ) | J2« to««lli<Bi^ vitk Stt » 48 
it9ismploiA) asd <Q« «fi^iair|yi with fia « 9S { fanoqplold)* ft« SHSBM 
vith fti « 86 i t aa aa«iapleld d«pirod froa ttia diploid vith 
fa « ei aady lSiumU9t> la £• ItUwniltfhBrlffliM fta •It U 9M 
aatttplold dsritid Iron tfai fcesiplold »itil 8a • 72* HM MOOIIA 
Mritt vith X « 6 at tfat bata nu^ar laoladat ft* JlSSlNft ifltb 
fti • 18 ( talcaplold), 8a • 40 ( iMxiplaia) aad 8a »64 
( Ofttplold)| JD. i i x n i i vltk 8a • 88 ( tttraploift )» 
ft* —i^ l^—«*f vitb 8a « 88 ( tatomploid} and Ea" 46 (teatiplold)* 
0« fratittlana with fti « 40 It probabl/ aa tataploid diriratita 
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of tiMi tctar»|Aoid ( fia at 82 } f otra of ?igniHiilMii F«rtil« 
d(vi«fttiY« trm Mgta^ or inrtlgr irtwrlU Intwrspeolf le Ivlnridt 
witkmt dotA>xiiig ttw ^ammmmB in gcotora Ulu» I9t3iiflnttt r 
apfgttoagfla. JQaitS^lBlf J&kttlOllt JJjAft *Bd f}f%^fft Iftt* iMNUi 
disootsH^ tiy Stibblas (1880) • SVIOKUNI for tte veeoveqr of trm 
1>r««4li« llMfl irltli iiav otraitetaM mubwfl Aran tlit inbcraitteif 1« 
^?fllm i^B^ldt during tilt iir«s«Qt itadjr wiU t>« dla«taia«d UtMor 
in tMt eliftpt«r* Qiaeo no tpoeiM vitb SB • 16 tev* bota tvpovtod 
•0 f«p In tlM sooQod sovlMf vo wy ooaeiStat tkm t«lf^^lold «|Nioiot 
vitli ai « St 69 •ftabllsliaa diploids and X • liB «• tb« teslo 
otvovotoM maitw fop this sfiriss* 
A dstftilsd lavsstSi^tloa on t ^ aorpl^og? snd vslatiartships 
of tlis otvoBosoM eom L^sBiDts of tlis fitim Sfwiiss liss also 
vsvMlsd oaosf lotsrsstlag fwntoMs* Tt» Isngtli «tf olarososoMs 
sad tfas gross appsaxaaes «f tJis kaiyotyps sbov a gsnsral 
rasiihlanos la a l l tlM spselas of '^tmn stodlad* Qpoa olossr 
«a»aiaatloa« tlis karjrotypssy luMsfir Bbm a muiisr of aloor 
diffstaaoss* for asaai>la» tlisra is ao ocaqplats agrssamt bstaasa 
tils Isuqrotypss of slossly ralAtsd mristiss or svaa rasas* ibi 
asiaiaatioa of tlM iUasteatloas gifaa in siia|t«r 8 alMMS tiMt 
tbt gsana firtm disi^ii^ a farr wida ranga of farialioa ia 
sivaBOsaas mtabsr and tlisvs is ao tTfuUnl karfotgrps vfais^ soald 
bs slfiglad out as tits basia karyotyps of tlis gsaas* Bnt f^o« 
ssTsfol sBalysts of ths diffaraat aitroaoMMHi suaplsints of ths 
J 9 
mp99SM cm pmM m» tktt tht •teeaotaMs of tte fillMI i!P*«ii» 
Mm b« «ivSia«A Into t irM MfU oe tlii faatit <a th»S» iNolsU 
Itnstii vugM* A tpttlss My lyi^ vt aora tbtn « M MA of tl»m 
olvoamNsiitt ond <i«k att mr ooRnfat of nix or n a t l ^ of sis 
oteoMfomt* tte aarptologlaiil ditoll* of tlit olroaoaoM ooto 
of dlfforiiit sptoiM tfo alM stvSMogly oiailtr* Aioh oxlbonalvo 
iiaiamrttlM of ti» tteaooanM wanlmmte ^ I M B i VM^MI 
atimol lM> Jait aMifiitttai* 1% awf laofra ilia gaoaita raSaUoatiiipa 
of tiM »p99lM oaS wg^sts tte Qr%Sa ci& tim ap^alM froa aoaa 
aloMSar talatad anoMlaral iisttlfta »it!i a * • • 9ia dllf OTMEI 
«livoaoa»aa gfon^ s la tata of aix jarovlda as t^ ldibloBaX. mmm% 
to tha iiiggaatloB as^ airifffi? tint t t e x « l S a ] i a s » l 4 a M 
piraib#39r aoosaSaiy %aila i i i l i in dm^nA tlooiigli m t^itldlpiAldy 
twmt Uam witii a » t or a * 0 olvoaoisaM* flnat tte tiraa 
dlffaraat gro^ii of filaoaoooaia ditidtd on tb» hm$M of tlitly 
altoolata liagtik rmtoi* appoor to ba iarlvad f^ oa tlia orlgSmi 
^aaia oliroaoao«» oita of laaattral. apaalaa ttitft a »0» lia atqr BOV 
Aatlpwla tlita «a diffartnt gaaoMa A» B aai 6* A gaaoaa tea 
laafor al««aoa»aa aith Uagtlt S,o^ aaA aliOfa» S gaaanoa teta 
Midlaa alaad ateoaoaoMa vith laagtii Imtaaoa t*0 ja aaft Z^M 
maA 0 caaoata teva otertia ateaaoaoaia witJi loagtH i«fyB mA baldir* 
Zt aivtttfra ttet aaah tat of flroaoaaaai of tteM tfaraa ptn^a 
ta tJM ovSglaaa. 4l|ialA tiaaiai vitk a « • aaa m^m^imX aot 
* SM th« foot note oa the next pego 
ISO 
vnrjAtSon d^amtftA la tb* ktfgrotyp* at tl» n^almw «ltt4i«d la 
nfliHWI ill pattlbly 4iM t9 tbtiar orlglB • • ttUopoSyiiloldt f r w 
tilt lMuii« i^Mit* tfl$li OM Of ti»»« tltoM d&Cffr«at Mte of 
•teoaoanM* At twlatioa olNnrvid la tm ic«qroltjF|>« <xr tliwit 
«p«tlta i t dw to tj» isfolYtMat of tteflo orifisol ^i t t iM la 
iJ^fifldSistifla oad %lmi9 twtih&e ovolBtiaa aftor tliKt» &• goaoaa 
fofmla of tlw AUtmmt A t t m aipoolaa a^r bo r^ prosoatod aa toUowiS 
* f ^ amiif lin tha laaitli of SadUbtMiial ahrowoanatt? 
foilaiilag faatOTi ^MK^ tatei Into O[»i0ldaratl«ni» TlrslSart 
alvoaoaMMa aa/ almr diffarwil aoaaBroaoitf tea to diffaraat 
doi^ PMHi of aoatm^toi* dafMOiiSy't atMnraatata itfHilf la aot 
alinya P^nrr oaiMt 6aa« la iipita of tlit bagt aKra* loaa irrov to 
aMittraasat ia iatfttuf^Xa* Ana 61ffaraite«i of 0«iiB to 0*2^ la 
laagtH of IndiMidhaal §tgom9m§» w^ t» daa to tteaa fiietcora ai^ 
lUQr Bot ba <9na to voal dif f aymooa la laogtib IMs anrcr la 
n^mgaBiBt tea baas atala&MkI hf mmmrtn^ tl» ebeomomtwtm botb 
ffoa tto alcroaoc^ «i wtil u» froa tte OMora Itialite draiiaga n^d 
aidcSag a OHqaKrlaoo of tbt aamimnnto cfetalaod fvoa mth 
aaoa* St lU tba dSffanRteaa of 0»lytt to o«2^ batiiaan alallav 
oiiroaeaeaaa aaa aot»4 aad ibia a«f be doa to tt>a aotaal 
diff«piii«ta la timix Umgtii or daa to diffaraaoea la ttote 
aaataraatioB. Itofaforat aa aUawaaoo of o*i/nto 0*8^ liae 
bata i ivm viUa attaMTlt^ and alaaalfjrlag alallar ateoaoaonta* 
I 0 1 
fi« JUM • ^^M • 8 B *** 8 0 
&• JHOI " ^ ' ^ * * * 't ' lC't '80 tgrpt «}iroBOsoiMt 
f * Imlll iM B^v* l i a l i i * 8R"IA« i i ^ e o ^ s A tyrs^ t 
£• laiflHiUtnn rse* rTifcnlMB '^^"^ »IA "^BH "^X C *4IM 
^fp* Md 8 i ^ri» obfommmma 
flL* IfclirtUmil***- ^ ^ • t f l ^ * «8adl8ttSA ^4 8 ^1 C • « • 
fit* ^»ii^fgf mr« ^caraattiBfti » S!a«l8» 8&'*'SB-*>iG^8B 
^rp« and 4 0 j^rpt eSpoKiSSii 
A* fMWIffilffiWIB < Mitligrl OmfSml t^p* ) « gAi?8» 8 A ^ 7 B '•'lO't' 
8 8 tgrp* and 4 0 t^pt cliromQiaMS 
i2* amr^imip ( Citsul l^p* }« 2ai^» 6&^ '^$9 *2A %pt» 
8 B tgrpt « n 8 0 tgrpt elffosD»:ffi»3 
fi« fctotoltllf^ftma ^ ai«98« 8 B ^ 4 0 ' * ' 4 0 19|» elroBoatsMM 
ft* MMS^SB ( ? |^>1« typt } « ai)iS8 « 8 B "f* 8 6 
fi* flUUfiOl ( Qx'^ iB typf } « Siia92» 8 1 't* i 0 • ^ 
ij^^. mA 8 C tgfpt 4iteoiiQaaMv 
f * ffrtflfffniffl * Sii**^ *BB • l O t - t i t p^rpt, 8 B t|p« naA 0 %p9i eliroaH»aoii»i 
&• nrfflfffiilli •2tt«40*8B t'let'ZB %rp» •»& 8 O tfpm 
9tm. tlMi lc«ar»VptGof tb» «pt«i«i «tedl«d ttad jEros tht ginoBlo 
fovMUla gifM fo» m«k q»««iM, oa« •ocOd notiot tl»t ttera is « 
g«n«3r«l %jtmA Is tte r««i«tiai of loagir «Drointoa«t» SM« MMUI to 
bo ooatvolXtd ^ oorltla goMOt «§ tte rodnetioa i« ««rl4iXo la 
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in tl0ae37 vtStt®! ^m la tte nmm fiflytai ^ "^  ^*^ t £ r « ^ 
iifaroiliafil ^tff^t^a^fii sod rip»tt«rjil»g of eitraa^ aiaHis* lb Is 
tartlar mm^^^- ^^^ thm^ IB gJisiia^ vcdnctlm la tJte tolnl 
••Hi,—iiMiiiiiiniiiiiiliii*»in>j«niniii«iiiiii—nwiii ininiiwri—iimw mmiiimmmmmmiKmmmmmmmmmiimmmmmmi'mmummmmm 
of ffiiSsQM) to tMaM ittd Mfe to oli ottep eo^laatisBo t ^ l»« 
p3fei)#lar dne to csM <^  « OQibtost&jeai of tis foUoirl^ ft««nii» 
• • OllftpraaeM la fIsmi fitfiiotsgr$ of i^sltt 
%• i«s«lle gNviHlir 
O* %KSi3ESBailO yOSOiWMHIS 
HIO fiAJjnrlm «roMit ncro fnMMfTttX aiia ii^iA9 mf AWuuA* 
&• mami^^) *&• mukm «»• agagimm i^m u 
&• muiiHKm (^«Ta) «g* Vi*[iitrm wx^ * ff.?ft"^*"ff (s^a^it)* 
163 
man m% mmmuivii* Hdt wmm ta tw m «HU[^ 3JI aiP »lMit tea 
&• A m ( ^"V* ) %£• MMlHI i <^ M^ia typ** ^ ^ 8 ) «>A 
^tliMiltia te« lafttttd tte IDmSili^  iftlafs « ^ tlit oiHrar to &f99 
l3 ala«« Aii6 $iwM ws ao tttd £3n«tl« geggMtlag tint 
f «rttlis«ll«R «u ml mmmttvX* & tte «ts« of ttm mom of 
il« iMlliMi K^Bv* f!iffp*'ffi*n' X JU MlfltW ( Qrtw t7p»» gn^t ) 
tiui pollJBfttlqri tes H a^fitd onljr tte firaitlag « i l ^ to @ro« in tliMi* 
thu VM^»»«tl «r9it of tilt tSum wmAiamaA 9aAix^tim» htA^ 
tmm9m§ imftma mtA» «M«li l«^«A ippsriiitljr VSI^ JL* gluM tiagr 
vnrc tmrnd to twtala trtayat w wtlt<aii» iat soot ef tteM 
•Mia gimSafttai* tkSs wwoMt* ttet tte i t i r l l l^ hmtUm wis 
•ftMlifii «l tte stamlmtiM ateg•• 
Ottt tf tte 14 miitimUamm In vJilali tte •••«« gitn^mtm, tfUy 
i « t tMM tJMl MalllMgt ^tmiMptA ttOVMOly Ai^ «tlilM< Milltyilf • 
Si atlMur i iMt %l» • • t i l l m utra irtsy tittk IMA dlatf at « wrlf 
i*«iP« flSs it^la wigacta ttei tiia wmmOM aetftlaatSoaa aara w^ 
f afaawMa fav tj» acvaal datalapwat af tto y^lHrliAa* nralolaiiaal 
^ K lo4 
iMivJMr to SotcrspMieit lvlnpidli«llcn is ant to pl|riitoUiAii^ 
irtwiiiwi Milag ftt tte wr2ar i^ «so aS. dovtlopMat ot «!« 
tfyftUhffft tins vm f Ssd tbeit tto t^ mplcr <i«fttttit t l ^ 
tatcrtpotif i« oroMlm SB tte gimto flUHl i t <9«»tSiig t t 
diffwMit teftla IB dKf«r«it « O « 3 M . fii SHM ««I«» i t i t dM 
to tl» failnrt of tiM p^UlsfttlAB to offott Mtetttfia f«rtia4tctloBf 
is ttrttitt otktr Oitit i t i t duo to tlit f t i lsr* oT t M lytarid 
•lAnqro to g«BSmto wfailtt la Mapttin ofclnrt* i t i t dao to tt^ 
isStmn ww^naw of ti» iittdlSiist vMth dio ct «a iRirly 
•tigt of ^vtltpteat* AiTtliavt in t tei t t t t t t «tero bit l t l r ' i 
l9%ridt «t7t «tet»liiid veA tovfifftd to ettnrity* tlw t t « i l i t f 
btivl«» i t «8tla optntlag ham in tl» f ox» dt ooipiott or 
pHPtigi gttviiitr of tlM f|^  IvtoiSs* in txtoEisiYt littamtifft 
oa tin B«tar« sad orlgla of this kJad of pott» tysgotit itolatlag 
attliiaifli irit&la 9»& botttia tpttltt iiM boon tettlt^rtd firoa 
••rioBt polata of vitir ^ itillilaa ( m%1^ iSSS )t fiiaat 
( IAtl||^ ||) wA WkmOaaetm (iB68)» ]% io gtairailar toitfftoa 
t tet ^MA laviiMlitgrf «oilatM» otariUV i"A f I t ra i 
iflOlati<9B« saA •(inintil nBavatiOB iHMdk dom ism tow larodatto of 
ai fwitat ofO]ati«a ( t«fia» 19?i ) • 
tO«4A I | iB»irHa oaft dtpiott o< t t t r l l i ty 
Ho iatonpttlfit lybridt iiart gin«ral3ar SalanMidiato tiotMOMi 
tlMi paroats for ao»t of %im apvplMaogiml olavatttmi* BanmVf 
of tiwa axklbitod lytarlii irifoar for «iiMmtitati«a atemttcrt lUa 
1 oa 
teSltlH of t2)« glaaft M i asiber 0( iwla and tMimitety tawaetiw* 
Xi wrtela tftsM t l» igrtarii* ««ii£ to t» awrer to on* of tte 
paf«a[t» for tlwlv KorpJbBilegitftl fMtorag* fto t«t«l te^ac* 
yi«l<l «a£ oU {MMtoUgct M m alto higfa ia worn of t!» t i^ ld t * 
Shia »iiKg«ftt tlitt tiM liit«i»«tiiaa of d2ff«r«at •Ueiet la t ^ 
IgrteM* «t« fttfoorabl* for tlie ftvong mtffnmim. of tliM« 
<|iiftStilitt«« etem«t«rt« Xht oal^ Iq t^eta ia vM«li tlitf* i»» a 
ratettion 2a tte vlioor iMtti«td «&• tlMi ooa ^talatd froa tli* 
vaaipKoail «vott of t l» |;t» flawf^imffll ( ^ * ^ ) a i i * T^ttlllllli IWP* 
jSEBiSESMnSi* A ""if ^ poialM ovt tera ttat tMa ta tiMi ooJar 
fla«i vlwNi tMtl^  %lm r««l|gro«iUi erostts iwra animHiifttJL la 
oli^taSs® t l» tsgrlKriaa* Bat ufata fi« MttElBMBi* ^ ^ bnai^iA 
l^atmktt mm aaod as tlw faaala iartnt« tilt MorlA etotalatd wm 
laaf tSffOTona la grontb aad did not afaov w^ tet«voaia# Shia 
oliMVfatUHi* Sa aftditiaa to t i» lte>et ttat la aU ttn otlHff 7 
latianqpttlfla cfositt tl« vaaljptoflal araaiM irara aot gnaoatgfttlf 
laadt to tte aoBOlaaioB tiat «grto]»la«i of tte fiB«la ptroat aUo 
aatrta taat lafla«iot oa tlsa fata of t l» t^lwld* fbo vodaoti«a la 
tlia vlgflav of tiMi iQfteld of | t , i M K l M n i a ft* tJHtUil l wr« 
jBgaooMMi I* atldiiitljr daa to cgrtoplaaala ratooaa tmtUmi %bm 
tha foaatiaa aika i|p of tfw i^trlA. 1^ a^potro that tUt goaoa 
^atoat faUy aaprotitd la a ^irtiailav igrt^pl«M* 
Hitk Tififd to d«gr»«a «af fartiXity tte a latorniaoifia J^ ytnrlda 
«^ fiUMl ^ t^ftlaod ai7 bo diviMI Into tiia aatogflviat ( 1 ) ao^»Uta2jr 
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•t«riX« Ivtarid* naA (t) pup«l7 ttxtUM Igrteito. » • «wpl«t«Iy 
•t«ril« I^teidt «re 12* JMM (ta^M } sfi* ^ * ^ * ^ * wr . a l i l i i i 
A* JKBl (2ft*tt } xil* JMlillHI «ttr* MCiillllinilf 
«nd ft* itiiMnflffHiirtfflfi (SB*^) S ft* Iffiifi^ liwff 
VHP* 
jBttSaKIIHBIi (&3i*ii}« Ite fea^Mt trM«ii ted |»»Uft2. tmWi^ 
m %bom iNitMsa tte t«tr^ plo&A mid Imtptoiat* ft* mrjifimi 
(s&a^) s ft* imtiMiiBi wir* iiiiiirfitir ^^tii &*si wtA •«!» 
vlftll 9*?9i ittd Mt ttod %im r««i|«o«ai ft* insSf i ia i iJ^ '^) * 
ft* Hii^ Mss® "f^* mBssmamm i^'m) wita a*a$ mea «««* 
l^:;^id &a9« oft«i tisftt QKsd to •8laitl>i.i«]b fvoSsttiflOiiy 
r«3«U0B«t>SfS ( H«c«UKPi JtSSei fiMMRiQisi end fitoligry I4)t7| 
XbQM«» 187tH ifni«l «ad ^rt i» l4>flL «»& Slaile end Max^^ iS7t)* 
ittt«n^i&fi« J^^Jblf of ftUm i^ pMlM iJirw IOIMI Ugii^ «M ti» 
ftailtRtlatloiiaidpt of tin 4lff«r«n% iqpti«« saA « I M ptmiM w 
iaolfi* late tte mmm of irtorUiV <3f tlit i^U». MX %lm 
• iaterfytilfit lirDrldt tJmi »a«t tort of •taoiwailar faring 
tin •ourM of aaSoala* »>• sajor iHnoffMalltSiM iBOouHttgrad «rti 
U Qapftlrtd olronetMMi at diikSataSo latf aita|iliM« Z 
2* fffpllal or loeat patrlai 
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8. Ar««o«&oat a^ paaraUoM ot SOM bl-fftXcmtt 
4* iHmemX dtriMiaa$ of uitiwftl«Btt 
S« Ikilscr* of tb« toNiplat* turalaalisatloa of tim 
etvoaoflomt rMUitlag in aoa-dUjimetlQD «ad bridg* 
f oinaitiaii at aiwplRM Z 
6« Xftgging elasroatOMaoa at anaphu* Z and aaapliasa ZZ 
7« fallura of ttm oaifalanta to mm to tht aiiuataaplal 
l^ta exxpiDg MtaphaM Z 
8* finft8ti3ar «of«Mittt of tfaa onivalaatt dor lag onaphMa Z 
@, Foomatioo of aiflroaaeZai 
Slii afaroaotontt pJsfiae <lata of tim aptciaa i^ toidto glfan 
ia &ble ao 4. pvovida oonviaoing atldaaea that tte sptalat InvoIfwS 
bavt soaM of tl» gmcaum with partial or full btmol^sf 
batMwn «i«b otJiar* AU tbt 6 Istarapteifio t^briia «xhije>ltad 
diffaartnt dtgraat of pa^UUm <^  dzroBotoDBs at Mioeis. Son 
olamRWoaaf ash&ited oo^plata pairing irMla otfanrs shewed 
only partial or ZOOM pairing. Sow etvoaosoiitf aluwad ao 
pairing at alX mA tebavad lito unival«nt«. HM firiatioa la 
tht pairing frtqumiQr ia diff«r«it IMCs of tiit aaat t^^ia ia 
prolMliljr <3tta to tbla diffavantial pairing baliairiaar of afaraaMoMii. 
fba blmlffiitt vhldi pair anQ>l«ta];3r Ux tim torn of aitlur oloatd 
or ^pta riagt vitb afaiania f araaticu ihoir tfaa ooi^ Zate boaologsr 
of tJit pairing diroaMmMt* ttm anriiir of btmlmtt la tim fNQi 
muriat* Sot a oartala muibor of bitalaata vbUh shoii aoaplata 
pairing la la«urlt3»Ssr fovad ia a l l tho INOt of a i^lsrid aaalyaad* 
fhla miAar vunaXly aoyraapondg to tba lovoat nudbor of bimloat 
f oraKtlaa ratordad ia tfaat partiaalar tpaaiaa fc^rid. Xha PMQt with 
tjS 
of 
Mgtar maaMT/iiMiiyiag «fafwotiMt« unuOlj htm mmr pcrtlia or 
%mm ^ iwUntt trMab «r« nogbaj^  rod bltaUsts «r «»§• la vMtli 
tto gbyqaotqatfl jiig^ ««Bt «iim» and Xo^ 3111M A l!>i«a«at» 
tet uttlitnt « / «iilMnn farmtia»* liraii thia iiftitfliie Hhi^rl9v 
on* mcF e»i»laiAt tJ»t tto mrmX blmXaatt vitb c h i i i 
f ovantiana «r« th» OM« «M«h aora tvoaSy lioaolQioat 
tlaronoMBW aad tl^ oM wbUh tboir p«rtiftl or te«oX«gati ptlrlog 
ft0 P«rt3y toioiQiOBt or iMHologont ofaroBOtoB*** IIWM p«rtS»I]y 
hoBoX«|(0»« ^se9maasm» ^e^Mbt^ fmA a etaw^ <sr%liit bnfe In 
eonargf of eij«fgtat «fo2xttim tlusr tew tin^ i«rgoiMi i^mt 
utttmtismX tteatt la tM etsiromfOBis axtd t^ ir lt»[^ iiOQr i« oov 
only Mgatatal* fl» tottroato^pMo pairing» i««*» p^ lr^ btttiMii 
eiraaosMtf of diffir«dtt 0IM ebsarYiNi la tamf mmu mU» mm^t^ 
a ctaPBA i^ral e^mig* tiiilti wwoNiru «»3^ la tto Iwigtti of th» 
QtircwoanMS ana t&at tto aaaXlar «istommmm» aam aUbl^ to pair 
aoaiplatal^ with tto togoXogaaa putt of tto loniwr ateonotoaaa* ttm 
l^lnaXiati vWn hmm pairing •ags*^^ ^tot tto tomlogy of tteat 
•tooMoaoaas la vmy riaota «ad ttov ara aaiigbla to fora ahlipmta» 
tha otooaoiaaot of ttosa laoot biialaata tova uadorgooa groat 
•trttotuftl atoaga and ao ttoir vraa«tt teaology ia nxf aaik to 
parait ttoa to Mium l&a l»aol«i««t» SIOM aU tto Iv^ida 
atndlad ara from tto vooAoa of apaaiaa viili dlffaraat plol^ 
UmU$ mSmXaata ara Mraally «q^«ttA* Vtaaavar ttora io a 
raaatlloa la tto a i^watad ntotor of ttaJmOaata i t alitor anggaota 
aata^adoala or aoUlialMt forafttloa. Oa tto ettor toad wbmmwm 
i d s 
tte i»uiNr tit tmimltiitf S» iairwMii fro» • namftU/ m^9%&H 
]L« iMtoeiOtt* ttpnrtttSiHi of ftrttallar homJogm* or loos* 
e* XlmMm of ftUo«ntdt«is b^i« to la«k odt «a«iaAti» hooolfliy 
td tilt li%l»r pIdiUIr c^9i0* 
8M«««r .tl» qmitb&oA of cato o» aUAiysdMis eoiil^ iMfi b« 
«»«trtiia»d a^ f in^ttljr beoiiu»« of our Indkillty to dlntlagiiitli 
QiircaiosaMt of tti» pir«atai g«ia«o« |}«lvliig Sa tho ^^Ids* Sat 
tiioir ^alviog teta ofeitaliita ftra» th« fiiJni Qpo«iM £o^ i^ 
msggiit tlKt tUoom^i^* is eoMMti sad ttet tttomradtaSi 1« raH 
i f not «<ai>]»1^ «aiit]it* Antcn^dotis lii ioipocti^ Sa laietf 
l9%!rSd» whtro tl» aRulwr of blmloats i t gr«it«r ttei t%» 
itonuUy pogtibi* noikor tif iiUoiqpiidotio pairliig* 
tte elrottoi^ns pidvi% aa^ of th» A U u apociss tytqcMf 
'^miM mm iui«fia Informtltm «oite«nilag tfat goaoaw v«l«lioiwhip 
of tfet fptelti, tb» date u ^ t» fattarjpgrototf M ^loir* fi to IE 
blYiOtatfl formtSoo la tiit fj^  %^M of |2« j y u (Said* ) x 
ft* ^ *lMI1iW tior* l i i t e (8a**l8 ) witii maaUgr • tlAaitf rSag or 
•poa Ibitftlittta •nifoota ttet • oteeaoiMMo of fi* J i m ond 
ft* ^ ***''iinil •3ro iioaolLoKOKt ooapletoly «r aotrly oo* Vtaroaa 
tJ» otter « biwloata vMiA «ro only p«rtlai2jr teMUQKoaa* Xte 
wwamm atotoiation i t IS teivaloiita ia tte»« Jvlirlia«. IMa 
17) 
miggtitt ttet «U tte xe tlrMMOM* ot fi« auUi J^>»A hoMlogMs 
or pnrtially bcmologoas eivoaoMiMi vitlk J>2 est of ili» total of 
t« oteoaogoMi of tim fl* tiiittlffllB ^*r* l l t t t e ^ * ^ Ivt^ l^d* 
aiBlltf i i tte OMO with f jL fevtoM of A* JUBI ( ^'^^ > * 
ft* lUUJtUflHI "VVP* JBBSBSIiflBItt* IS ont of tlio 18 olraBOoosot of 
tiio Qm mam (2a«e8} ipoeioo cro oon l^otolgr or portiaUy 
boBOlogoos irlth tte 12 oat of tho £4 olaniaooaBoo of tbi 
a« iZailiUSUI in»r. BBnngfUWW, ^ tl» ' i iortol^, A slnglo 
tritftltnt dbavFfd la tiboat 12.6SK of tfai f^ GSi fumOyitd Ssdicatot 
tint tbio is pToDiblj 2^0 to t&o paJriog of CM addltlcmtl 
ote(aio«oB» of tt» iPinploid i2«jEiffi!|| opoolM* Xbt froquwicgr (^ 
bimlonto In tbo F^ Igftoldi of jg* boollicmi x A* f^wrioamni 
vwrito ixoM 20 to 27, XSilo aaggosto tlio eo^ploto or partial 
tUNMlogjr of ttMi etBrMOooasa of JQ* ^^Hi^a and £i* aaMpAoMBai. 
Tiim frosanca ^ aora than 24 bimOaata 2a aoaa PIU^ dbocrtad 
la arldwatly %y aato^Tndaaia baWaan aom of tlia Q* BiirlilBTIlIf 
aJaroaoaoMoa* 4 to 8S bitalaata dbaarYod la tiio fj^ lybrM of 
fi« llimiliMm (ea«91} x <Q« Jr^^MT^Hf^lilli (£ii«79) ia north 
aonaidarlag* Ifett of tin bitalaata ftvaod la thia nare aitbur rod 
•ingpad or juot pairing wltfaoot my «iil««Mi foraatloa* flila 
aaig««ta a taxy raasta hoaology of tba fi* %WTVfwaM •»& 
fi* IrllllliBltlflhirliWi go»on«B* Xt i t alao poeslblo tiiat a good mubor 
of bivalaata obsarvtd la tMa l^ tarid msf not ba bar allon^ttdaalt 
aloaa. 2t ai^ ba fOM tlMo due to antoojmdaffia of ateoaoiOMff 
balonging to both Xl« JMBllfeBUI «i»<l fi« 
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honol^ ijr ot aam «hpo»owati of tfat (stooMt iri%h liSgtar pX«l4rt 
S I «U tilt l9bvi4t i te Ismvttli^ «lMii9ii»» |*SiPliig t»t ttat 
MnSoSjf dm t9 ths «lffcrifBe* la «teoiiOt«i« OBIIMP ot i te pMrtntal 
»p$^m to iBatt M fwU as Ufic of «3^ E»l»t« tnaoXusr «i tte 
pior^ AttX gttiofi* is otters» or an* to • eoiribingtlim of %l»a» 
%^9 gwifom* 
tMliefioiv of tim chgmiwsmn %t ttm U%&e nU^w of wlotla vsA 
Im^ ta tB^ forsa i^b!^  of iT'iyTOfpari^  'jf ^Hfiofaat sSst mA with 
Issdlag ^ ^ s ^ a s i a %>^  t&t g^ssted 3^ TJ^A / Qflbii24B«td 
olopMB^ s^ ^^  essipiiwtmtSy uil l f of ooxsrs&t Its^ to 4m^>ltt« 
•t«rlUt|^ of tte f^ ts^Sd ccotj^ rt fci? t l ^ oggaational fovi«tiaa 
of giiMft«» trith tnoNj^ iiead eiseommmt nmCbmf sud tte ooni«{atnt 
pei$<hai%im of «llfl|ia3yp^Silt ( SttbbSa9*lS$8)« Urn lytrite 
vitioli «3r« only partial]/ fortUo pttOSkm oeattloaailjr « f•» 
SaaotM whiah isava teisaaaA ^ oodmtm ma>bmf»m 
TaSaatlaa (1S47) iiima aontiaarlai; tliR s^ilgtlaa batwaait apaalaa 
of jOaata raiaad im ftmteatetal ^Mffelooj]) flrat» tm tte 
apaalaa aaat lata 1»alag aa a tfiatlaet wti^ii^ in tte aoiiraa of 
•valMtloa aaA aaaondly^ bmt tlw apaalaa baana iaalatad trm 
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«M amitter. 1^ iuid«r«tied tte Mlatiamlii^ mem tim dlff«TCat 
•p»«lM or th« gMM Aflai l timm two bMl« <mt#l0a« tr« to ^ 
glviHi aa« «aBSftdirtftiQs. Dototteii^ ( 1997» iOSI ) iMtf {»liita« 
ctoX %hk% * iso3»tiag fft«tQr§ w»^h% di mgeixxm lEl»a«» «•$• 
•wilofUiULy gt«gf«piilfla» ^tolflgifla or gmtftlMli tistir 
r«Ut i i« Si«}Qrtatteo ma \m^ }m aiMtata t r Miiblalag SovtAlgaUoiui 
OB liit«rtpt«lf io Jv^ldlaatim mti ctosMrfaftioBa on popaUtitam 
of «1^ fptt iM outer mtmnX mo&ltimuf Balccr ( IS») tad 
bi lboes (asei ) l«ffo inggo«toA that ofiaonoo i^ roR 
l»t«rqNioS£to IvtelftlioUoBi mr bo uaod for tcnaoide 
rolgtionohipt ^nrtiqpootl^ of vlwtiior tlo oioaoot « « aoMoiitf^ 
ond tte l^ iflkrido foxvid oaro forUlo <xt otirUo* & tetoSlod 
ditiBSilon of tiii lotorroUtloaoMpo of tte opootoo of ttm 
S^ HOtt* XHdyHI aiipoairo %o ^ di£f Soalt ot %im wmmA hwmeaf 
not Httft im Itmm ol»Qt tills gomui* lirlor to t i» proMBt 
tofOitSffotioii tb»T9 wm iuvdlj angr olcsifittat vpm% ««allii>lo 
Iji tJn Utarotort* Hit promot i t n ^ laolndoo oolj liolf a ^aan 
of tte liO spaalaa r^portaa ia tlM norH. fiawoforof tte protMi 
diaanaaion la aoaflaad ft.ally to %tm isUnolatioiiaUpa of tteao 
•im apaolat tad thalr dlffaraat tariotlaa and raoaa* 
tha MtidiaXfliioal aJwaatara ara glfoa duo attaiftSOB yblU 
dlaaaaaioK tl«a iaUrraliAlaBahipa of tlia aSae apaalaa of tlia 
i«"K« m i l * a * daaarifAinis of tlw ala ^poaiaa mA tt«lr 
dlffarwit ratUiiimt v a gitM la ttia alii«itar •» ATOK tha 
1/3 
d«»arl|^ioa of tto tpMiM i t !• •pptrtnt that «Qiuild«na>te 
divnniitgr «Kigtt IwtwMn iUtwemt [^ttm T * ^ * * < « M»V 
mor{>hfla.QBl«il «ha3ni«tflr« Ilk* pUnt b«igM« tls* Aad «tepf 
of SMftiol* and Itaf «ladt« ti«« of teaett laogtJi of padlctX, 
•it« of floral {artst v^* '^ x' fvaltisg talyx and alM and 
colour of aaada* SOM of tiiesa d)az««ter8 ar^ ai great 
diagnostic taloa ta idaatifying tfaa apaalas* Qa tba tesla 
of norpbologioal olaxaetars aXoao ttta aix apaeiaa atadiad aaa 
ba dlvidad into tuo grooiai* 1 ^ f Irat grcnp eoaaista of 
fi» Mooad grot^ ) oaaalets of XI* yandttai and £• gH^ffillHll-
f teaa OEC tba f otir apaeiaa beXaoglag to tte f ivet groap ara 
pradaaiaantJy iMrbaeaoaa ammaia irMlo tte foDirtbf i^«t 
ft, fcttliimffffftflrIWi ^ paramuasl, & tba aeeood group 
fi* aaq t^ap i« biaonleiX cs' triaxmial vMla ft* gfftt^HflBi i f 
p«raiinlal nadazwaian^ • fba tomata of tte firat group ara 
patiOlata vhareaa in tba aaeond gronp t ^ ara aaaaila* 
Flowara in the f irat group ara aora aonapiaaoaa vban 6ai|»rad 
to tba flOHara of tl)a°-c'^ '^^  group. In aplta of tha diffavaaaaa 
Itt tlia variooa floral parta raportad asong tha moriona apaaiaa 
^ fifibm» ^>V9 itoHafWy poaaaaa a alailav gaaaral pattant ^^ 
far aa tba atmatural orgaalaatlan ia eonoantad* Tba aMda ia 
tba two groapa ara quita distlaet f^oa aaah otbar. & ttw 
f ivat gr<np tba aaada ara turaally blaaUt* allipaoid and baaona 
miailagliiatta trban vattad^ vbaraaa la tbe saaond groap tba aaada 
in 
M«eil4il«3ttfl vim mt%9$. AU U» t t s i^MiM •enteto •MMHI*! 
oi l ^ t tiMi wij^r <^ ooBgtitatatt af tlit ffptfi*!'. hoirever 
«r« n^ faamd t^ IM r«]i»tt^ * to tltt Mrp o^l?^ !? "^  ^ ^ {^ taa^ t* 
tMt 41v^«iai of tte tix sptoitB csf tht geiom UiytW ^^^ ^ ^ 
grmi>i« t ^ speeiiM ^lQrsg:n|; to iiatt^ gv^p ^ ^ « « ! £ « § 
• « t ^ gr^p ^« i s • 0 ft9 tlie te«io etaroieatoiM sniiiiv* la 
spite «iC r9pm%^ a^tt i^pts tlie epMlss btiangS^ t^ tM«« two 
im em^issim itnlstioa tMituwa t ie ogi^ iMi o£ %lmm tsm ^mgm 
MM«b It «KT«lmt«d with tlui u^K£si^ sd.o df.«t!liii^ Mis* -JS t ^ 
apMl^ btisig^iig tD tfet tir9 g79e;i«« She s t e ^ 3£ tfl« iarMd^ 
litteflixir of tim npudm of t^s t tsro §:^mzm i»» t^mn ii%t 
wfcll* tb» apteits of tte fSrMt grsup av« fii£r^ go^ aiit4»rMi4«nit 
tim m!%'^^(g«tt&im run* <)f th* spooios f^ titt ««t«ui p-»ip 
&• Boirlli' ooatSiMd oitlwr wltM» t ^ ^ .pi3M.%i9H ar iMi^ ittn tlm 
MvphoXatittil or ttioiilMl raots* C o^sfting ^W»«n tilt 
•ytolanNit IMS vtxy ntvt ji9 tMa grgap* t!fdt»mitm» tasa tifiii» 
ti)« f MiMro :>f tin »pt«lM iMlang^ to tJw iirmt i^mp 
vlmiem* in tte aoowttf grcwp l»9t& tlio ttntlwr* «n«i vtigM mturo 
•i«ttltwii«iflyt nMoii iM «a •iftfitatJ.an far intarM«ii«» 
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i2« SKBBak$ ^^ diploid 8p«el«8 inolxidtd in tbe f lr«t group, 
conslgtt of two oytot^pes Tis«» g, SSaUB (^"^A* XlaaXoo}. 
type) ax^ |t« ffasffft ( ^'^t oaophor type), the height of th« 
pXa&t| sSse of floraX larta^ Bine of fruiting oalyae and 
leedv ete* are essratiaUijr aiaall^ in both the Q, SSSM 
OTtotypea vhen ooapared to those of fi* baalUoaa. the 
tetrapXold epeolefl* Both the ciytotypes are strictly aonoaX 
herbs. Both these ciytotypes are striklxngly similar as i^ 
evident fron the po3ygraphs(pigg,6,3-6,^««ceP^ that £• .aMM 
2B«S4 ^pe is a l i t t le taller* The eesential oil eoiqtffitents 
in the Uto taxna are mtirely diffesrentf one with linalool 
and the other with castor ae the major oomponent of their 
essential oils* Shese tuo oytotypes of £• .ffaiiffli are 
geographically 8epB:rated frcaa each other* St» /ifflmm with 
&nMS4 is found in West Africa vhereas the other type with 
8nfle6 ohronosones is net within Asiatio region* When these two 
cytotypes were brought together and crossed i t was fotmd that 
they did not ero^ freeJIj and the f^ hj^ld produced was not 
fully fertile. It appears that the geographical separation 
aloagwith aneuploidy in one of these t\ro cytotypes have been 
responsible for the isolatica barrier net between these two 
i^trtypes of Q,, JOESSB* 3Ehe evolution of aneuploidy has been 
eonsidered to be a aeehanism which rednoes recoaA>ination 
potential in stocks becoming highly specialised. ( Stebbins» 
19SC } Qraat, 19«8| and Barlow and Veins, 1971}« Such an 
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Vmcth AMKrioin c«Mani» •««•« %rBtoiatl^ ( Bigr and tSbiimkl^Hf)§ 
^ploffkjm* ( StiAbins, IMH) and jgeij|2l ( Btb«oiicy 1947}* 
•tMOiit^X t^I eoa^p9alt^«ui* «r« aiipttd t o dif £«r«tit 
•talOKiORl aiebM «ad aUo pwetss gmetie lNKrr£«rt f ofr tl«i 
IvM psae f io0 bcWeaa ttmsy i t I9 iagg«8t«d ttet ti»a« ttro 
fores 8^9024 b« r«pr^^ as tvo 8i:&i4pM4«i* 
Hor^toXqiita l^isr ti» tetrftpl^ii £ • j>a|fii|.feB|8i ^s eloa«v to 
%h& QS.^lnlO. 12* jiuiBSI* ^^ ! ^ i « d.ii^«r«aeifl t l»t «ipi^te tbam 
£ • ^ M l g w - ^@ *^® <^  l^Tse and f 1«%X parts in 
H* Ma^ If.^ gQg' ?3 aUt> mnrtf fittJilti af t h ^ s of fl* MSi i ^I»s» 
th» S8® a^ .111 bsffefe tJB {s^ >8«t3« «3f® t»lii«l: emd sUipsatld l«t la 
Tr<«i iMriDt^*9 af 12* i^«ii^«M« «tndl^ ii.-ra mpumtsd fro® mo 
»tt«}ther Oft tli«» Imsis oC tetl^ht KBCI ooXor of sttat 4Uid f loytxH* 
XI* IttilUaift "T^ v* m$mt ^^^ It* « 2 » « ^« * " M U ^ a ^ P^ «a^ « 
But Xtm fisraX T*rtt iwrt Mg.^ tv ISkt wy ^tlwr i w i s t y a* 
&• }i%§lU'Pmi ft* f^g^,|l«uy y^* ij^ fiqflypulfiwit i i dbKnt«t«rissd bgr 
tJNt iprsfRt sttK - nd wiiito iTlotfirs l.ll» £• ^yi#SMff v^ ar* jGtlUMl 
bat tli« iisJgM of tht pjant and slto :^  4.«ivss sts* srs |prt«it«r 
^ n^or* MiMlMrmtiwi. fbs dtlt«r t»o i«uri«ti^ii» fis*^ J2» l y i i i o m i 
'^*^ * t^tSJClgfo sod jQt« ^ Mi^ouM viMr« iai£;3l||l||ttitt tht sttii 
i s imrioll sit «ad ilmnr* <ur« pinki«li, iMtt tJis iafIsvsssmss Is 
tfcyrs^ d in iw». ^ ^ f l f i s r s snd s^iks ia wor. 
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Apurt fvoa tlMM diff«r«aott» al l tilt 4 «Hrl«tl«t «r« tiidLlar 
in •flrpbolocioftl tterft«t«rs M •faowi ia tJit polgrsra^ 
(rig8«a,0-s.iie> )• Xiit «lMai«il «aBgtitati« at tte • • •nt ia l 
oil0 «MPit« •OQtidiGrably ia «X1 th» 4 wpi«ti«» and •vm 
iMftvwBi (31ff«r«nt {MrpftOatiaot vitMa tbe mat varietgr. fht 
tfeartt eluHBioal meat laolatad froa tl» popol tdoo of 
£• ^ip^i«y VBT* ffij^ftb^tmi av« BMTftolQgicaUjr aiaUar aad 
ladiitiagaii^t>la fr<n «aeb otlor* Sw 4 tarletias ar« k«»piag 
tttt8»«3Lvat difltiaot beoaast thmj ura gtoerapidQaUy isolatad 
fros ana anobhup* 
fha aorphologjr of %im tesaplo^d species j2« aaggicantai ia 
aona «l»t latfTMilata batasan tliota of j2* JBUQHI A°^ 
A* ^aliiemB ( tte <totail0 lava alraady bam disanasad la tha 
aliap6ar 6)^ attfi^ aating tto l^ rlirid origio of thia apaaias* Siia 
apaaiaa la fiiat n u acnaidarad aa |2« JKSSli ^ "*i7 taaKnoodaba* 
S4l>ti at al« ( 1975, ia praaa) on tia tiaaia of BarpholoBioaly 
ogrtoiccieal and l^j^idiiatlaa atadi«a lava mi^aatad tlait i t 
ahottld ba tvaatad aa a aaparata spaalaa aad aoaaidarad aa 
ft* ftimrllUmw daaerll»ad \if Liaaaaiai ( iBTS ) • Xba origia of 
ft* ilgliUlTIf fvoo ft* ^ai|^ aad £t* iMflltWIl t^i diaoaaaad 
alaaniiara ia tbia ehaptar* I!ba tva elauBotypas atadiad ara not 
aaali variable tfith vagard to their orpbolfifsr (figs* 6*1^  aad 
I, an aaauploid at tha Inxaplold lavaX* 
I /3 
km* ami ^ ^^ .Iwrncitirfi oR g* SUBSB* &• ^^f^-J"^ nM 
ttpMiiai 1^ it« pervaniiil kmHiit sad l» !)«J% ir':^attlar i»lx;f • 
t ^ £^I«ieiots &c utU IIS %hm ^fl$ ixk £• ttJllaaadgylni'luBi 
fi« ff^g^^<»M^«yi tlw^ or* widt«« Silt ^ i t oig aa3^ isxidi ^*id« 
vtgflttk&fs pKirt« lilt* taftQitd^ ;^  fnrsnetMw, s^« af tte Utavts ^e* 
(I* fffllfllnnr 31t* tXxKl «te3r«tefcer« Xilt® tli i2«« w.^ shajpt of 
«aM»U« eiua mi/x to ^otb «h« sptttot iir#f liiivr«f«r» quit* 
«4al3«r| iMt tJMi %tAmx ^ eorolto snd «nti^« tlltf«rs firan tlM 
two iii^tlMi* 2a i i i iUi i tbt tolon^ of %hm csroUft i« plisk. sH 
to purplt wiMrms to fi« iamllltliaii ^t .» grttitljili ifMtt. tN 
•i^« And viiftpt :»f fni^ttofc «afx «lso dlffi^ to tlMi^ tvo sp««toa* 
»^ A* JUUiil i t i t vm^X wad art • KMg U^mdm* p«ai««X «b«r«i« 
to A* nriltMkW i t to ^ig and «iM«t loliMvsito. «!• oOyx 
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l«ibM ia Q* fm.ne^vi^ » • vmStlf mamA wiMdPcaa tbtff ajr« fftrongljr 
acrrad in jQ« BMalllSMiMBM* ^^ Mtdti althongh IxraiRiitb and 
gXcib<MM or sidbglolioM Sa b9bh» aro« hewcver* laillsr Sa J2* JUSGIiii* 
fttt ttfo MTidlkolQgiaal ^rptm of fi* f"*^ "^ <3^  ^ ^ "^^ ^^  *^*^  
dla thaSr sost •sMntiaX «liKrftet«ri ( Fl«i* 6»is oad 0.^0 ) • Hw 
typtt ara ratogalaad oa tlui baels of tfaa aoior of gtaa aztd 
Itavta viid^ eh is aitim- pori^ob or gire«n« B t tiro cQrtotypta 
(&a*02 sad Sasatt)) of £• m H a l m * •v* aorpliolQgicaiUar 
irary elosa a« baii% thoiRi ia the pali^gmphti < Hgs, 6. ^^ and 
6*^ )« flMavert the leatas of the c^totype vitfa &&>68 
ohromoeomra art soMiriiat eoriaeioaa azid eijrivallad* the tva 
typee era siailav io their floral ohasraetera* these two 
oytoty|W> bmvfmt, appmo* to be not arostflog easily ia aature 
and bKW0 aleo foiled to orocs eacparioatxtally. Sb ie possiSble 
that eooe cort <xf g«tetie iaolaticn exlata beti^en the tiro types* 
Qrtolegieel aad hraedlag iofeetl^tioae have 'pporidmA 9om 
iaaieM lato the iatesreUtlaaehSpa of the epeeies of flflffHt 
•tadiad* Vhila dlseaaalag the Jauryotjpaa of the epeeiae 
aurlier ia the aMood pert of this ahei^er i t hte hma polated 
oat tl»t eoDe geaoaes are eanaoa to al l the epeaiee of eaah groop. 
It haa aleo beaa esggeeted thet the p^lypleid apeeiee of the 
gaaua fiUan ^^i^ erieea through allopolyploldlf • ttm 
lyliridiaatiaB aiqparlaeate have fsrovided eta^ evldeatM for this 
hgrpotheeia hy artlf ialaUy iTathaaiaiiig the he»ploid 
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£t* flUnrllWff ^ ^ ^^ gtttpti^cd psr«at« tmmlf, fi» stSM 
and £• llillMSIl* 
9p&id9» btftvten tim tsro groaps do not mma cvwa ttft«r r«peat«d 
att«s^i« Qposfl^ ng dkt« Datweea tl» mm grcfups Mine thotm aaai 
totereEitii^ rmmlts vb&eb ^Ip tis %o £^d til]* liat«n«laftlmi^pt 
of tbt spaelaa iavastigatod. J* ia^ OiS ( &t*S4 } naa croaaad 
wltb A U tiia i ix apMlta tmt yJable ai^ da vara <^taiaad cal^ 
tfith 0« Maiiifln^, jE^ , SBSBM ( ^^^^ ) v^i i^ L^e to ar«»a 
tritli e l l tte fotir vsrlstjLcs of Q* baaiUcan ea^apl: jQ. baailiayai 
^^* thwlf^ayA. Bat ia aU easeo o ^ sit nas cS>tailQ<^  ooly 
tfiban |2« b*«ilie|fla varieties v i^-e CE»S as toala carents* Iba 
f ailnra la tbe taolp^aeal. crcNifKse &a tihieh jQ* JUSSfflJ^ i^  ^ ^ 
aa ttm po3tJan parent ia '^yflmitlfy doe to t ^ failtira of the 
polUm tskba Uroa tba ahoort atgrlad Q* MESB& ^^ raaah tte ovasy 
throt^ti tha Icng atyla of i)« ^ai^ea|B apaaiaa* BomiTett tlm 
t^ lMrlda axeapt tliat of Q0 MSSOi * St* ^•ii>f«ia var* AIB2BI ^^^ 
at as Mrljr ataga« Iha Fj. Ivtntlda of £• jBum (&n<€4) m 
fi« IWiiWTai V^Kr* "fini^ im raaait^ Xad tiw iiaiapLo^ d jQ, timmrtfllBH 
Sa Its lurpholOKiaiX appaanuaaat bat naa atarila* Iha palling 
data of tha alroBoaoBta dorlag aaloaia ia tbia Igpbrid liava 
aboim tbat tba IS atranoaoBta of JEt« MSSB vna abla to pkSx 
vitb IS alvoaoaaBaa oat of tba S4 abroMaoaaa of jQ» l^f^ianff 
"^"v* JIBIUII* ^^ ctbsr IS elrasMonaa of Q» |pfalliaa» irar* jBlAfiUil 
iS l 
b«tev«4 M iiaitftl«Btt «iid 4i4 not toorai w m l t i m l f i i t * ttx» 
•Qggcfti t i n t fxm gmem vi j }* ^ l U a m imv« l i i l M ^* 
boiralAgoat to t i t t g«OM of i}* JMUI* ^ ^* pMt i ^ l * thftt 
JQ« fcniMfm cr i f mated »• an aUopo3|rploi^ • • tlw n w a t ol? 
« «r«i0 of • t ia i lAr Q» MSSIB ^ * eXo^mly rc3Lftt«4 tip»elmi of 
A* JMm ^ ^ ^ ttDotter dlstftntly related d^^o^d ig»es«9 of 
1!» ift«i|aQtd ffMlos of |2* JUIQI (en<4®i «URpbor typt) m t 
«ro«wd tfiti) ftU tbe slai oipett^ ot of pf^rritr ^ ^ vial)l« 
•MAS iMfr* «fetfti i^ oolsr iri2«a i t wit oross^ %A%t t to fRVl«tl«t 
<B^  &• iMlMfflUS* ^ ^^® OBM ^^^ ^^ «rafli «tui mieotsffttl ool^ 
viva ton |t« 1^«i2:iftBff -laia-ga^ <as-gsi»- csi^Mit^ fl^ MiSe wie:« . 
obtftlatd trm. the follArlng orcwees* fi» JUt t I (^ ei>aS6) s 
^W* jyEQQllfiUBDI * ^ S* j y S l i ( ^ " ^ ) X ft* tmeiiiaoa f»r« 
MSJSBBUStBSSL* Bo(f«vtr» i t tiae « I y ^ £• ^uiiHI s^ j ^ * ^ ^ I t e t t a 
« * • iBBUaaiSiBfll * ^ ^ ** • t » ^ i < ot*** geraiwited nod 
eiunrifd to mtn r i t / * ^ otiicr eenes tkm feeds gwjislmted Irat 
tiMi etedXivge were texar veeic ttii<i died befotre reaeiiaj^ witivXfgrt 
nuif ie irttoebly dee to aoae pl^'tiQlogieei or genttiomX inibiaenee 
in tlie iQfbrid pleat* Site i^olagi^Ml iaveatjlg»itlans» tiwref«re» 
eoiOd be earried oat oaly ia t i n xt« n a m ( & » « } x 
&• ^"fc^ij^^*^ imr« JBHUnBUtnit t v ^ i ^a * Ibe pairing data at 
tbe eJvaaoMaea during aaxoaia iA tbe Iqr^ld aboir tfaat 12 «f tbe 
is 2 
pwtSy femolflKoat to 1£ of ibi M ^titmxnmmB oC jQ* llfllHirff 
of tilt n ^ Mftlytttf iadiMtM %ba.% thit is :vflibtl»3|r d u to 
t te puiarlag of tli» oat tidatimal namplo^ «iv«MOaoMM of 
tlui ft- fHlllff «fMMl«i« lh« tvlT«l«at fcaraatioof tlier«f(m« fl»ci 
•a iBdi«tit» tkftt t i» ftaaiti»«l •fcormisMmta in t l» a^ svaploid 
A* AHHI <vi«imt«d «s « a^iq^ dn^mtitsn aT OM cdl^  tibt Ifi 
«lircBotaM» of • aomiX Ai»hA^ sswaias of j}« JHSIB aad ttet 
2a oooNNi of «ir«il,utioa i t ttti tcm^ a^soDMi tona gteiiititisl nimtm** 
to afold nsltiiaittit larantioa ia tita aormi autfopiol^  jplantat 
INxt in t l» abacDca of a to3i^a©9:ui tSmamoa^am «a la t ia Oisa of 
%b$ tgfia%A9 tetmaa t ^ •aanjploid i}« JKSHi (^^8 ) a ft* Iiffljiil3ifliff 
«»»• MgCTBnil«ta«» **» an«iplold eteoaosoia pair with tfca 
olar^wiMat ftraa ir&leb i t i»8 orisiBati4 itad tMs «aiHHNi tr^falffEit 
f anatioa* fte tmirisHt balaH^ar im tMa i^twl^ alao imggaits 
tiiat ft« b>«iiifi» wr* jBiasififiHttft ^ ^^^^ *& aUopolypIaiil* 
A* M H I >^ ircJtk l^ar aom dt %im origiaal purcatt of tMt 
allaNtxaplaidi* 
Aa data of arottiag raralta of i3* hai^ iiAaaK «ar» g^ihilHl 
with tlia als tpatiat lava tlumi ( liibxa 8*i ) t iat tiat orotaat 
war^  aacoafifal wlan ft* ^aiiianp twr* itiAmMkttm tma utt i a« tlw 
aala pmmt la cgroa«t« wit^ ') tJ^ immyikoidm ft* jilirlfinMI (sZa*^) 
n^A ft* ^*i1llffWlflitiir<lli ( aaMiiloidy ltei^)» 
i i 3 
fUllOTilTi <»^ iiWfllqgOBt iiitiii Si of t£« 86 6£roB08t»«8 of 
^^ &• IMWtffllTliMi ^ ^te t|f^i€» S&» iar«t«(i<t «£ i^ ov* Utm 
84 bifOmts Yl*»» £6^^ la fi^ «nd 2&^^ ia ftnsthsr 6$ of %lm 
<^ i^ > gMopiMm^ vMeib naanMllgr ttals-fiid «i^  unlmljna^ la this 
b^iA prate^^ aaj haw p&Sx^ &:itb «icb dt&«r ^ tia^ ' <^  
at;it<H|smd[t8it« Hils pala^ lag t^ iiairiosir Sa |t« mapicBPaii % 
j|« l^«flican ipsir* alatapataa £|farid tibud p'OVic^ S!i3tl)tt$? Uaa 
of m^^imtm tb&t Q% i»giiietai mrm sMUxmtm c!r a eloai 
r«lativt at j3« Ijfffi3f4ttni ia sroMbly tte tfttraplaid puttttiini 
paurfut (tf t^ Hi teaipXoid jQ* iMSUUBi* ^^* '^^^^ twttlmr 
«anf ifaNi froa tb» saSaplag s^ahiTimif of e!xr4»»>iKMHr« ta tbm W%^ 
MgftirKia iradhtMtf f^aa Holli tbm p«ti|rocai arMats of 
fi* )BMUimm «Bir« aaraigMtiffti «»« fi« u t r lmwi * tte ^uridt 
aktaiUuNl fv«M tlMaa araisag Uk« tJ^ f oratr amra lartiaUjr 
f«rUla and tht^lrJag ^^imwitrng of tlia aiaroBMaaia dnriag 
aaiaaLt «N»ra alaa iaamtiail to tbat of tlia lgrl»>lda at 
ft* AMBiMMI " ^ ft* %apii^iM ymx* iJiWilBi' All tho tlraa 
Fj^  igplRritft abtalaad froa ii>a J2» iMBClimUi i^^ ^w «^tb tte 
18^ 
A* ^•iiiwui f)Kri*tiM «r« purtljT f«rtil«t vuich tnggtstt 
ti)«%il* BMSiMBMf ftl-thQugh an hcnploid, • t i l l p«vaitf 
• llalt«d «Mliaag« odP gvnes with its tvtraploid parants or 
it« «loM relfttivts* Sila kind ot gtsw f Ion my be called »• 
iatoograativ* fcifbrldiaatiaa, Ihia kind of intrograssloa i t 
0Tidffit flp(» tba fg and tj^ gaannitiQaa ( data odt Fft 
gaacmtian i« noit inolndad Sa tba jpr«a«nt vork) of tha 
fit fflBagiganma x j^* baaillana var* glatarattta eroae* Ssa Fg 
sagrc^eots of tMs crass eould be diLvldftd intd saialjr 4 
eronpa oo tim baais of tim^ uatplmtasf* OB@ groap reaamblad 
the F], 9^^ i<3» eaemd grottp resaielblad tha :fala parent 
Q* .^ UlMiSQait <^ ^ thSffd gipoup rcsaubled t£» fajsala purant 
£t« OMSB^iSBSSSk ^^ ^^ f mrth groai;> consisted af^  plaota with 
QCtf ctnib t^etiaQS c£ ehaamc&wi'e £^ oi.: both %h» paranta a« wall 
at «j;th the eagpraaaioa off eeortain sther c^raetftra viiieh vera 
not present in either parent* Xbe etcotaomtm moBtmf in thaaa 
aegri«ant8 mnried tvtm Vxf^^&a, TZ and 74* So aegresanta with 
48 ehrwaoB ima eoold be dbsenred although the plaatc ;,.<ith 
8ii<^ to 74 ehreaoaoiMis ver® remffibling £(• |j>ftalu.ieBi| var, KlAlSllifiB> 
but had the floral eharaetera and the high oil peremtaga like 
£t« DMTlllillillf- O^M «>^  ^ he aegreipftnta alao had the •a.ior oil 
eonatitiumta of j3* bi^ailie^ t«r« glabratuB^ 
the f^  torbrida of g* tmt^tfxai^ and £• kili»mdea|iagieiai 
prodaeed daring thla inveatigation were h wnvs ecwpleteljr Bterile* 
The reeiproeal eroa8«whaa JQ» aaarieaBnii waa used aa the oale 
85 
purwxty mM liomrtwr not lacevsifia* Sbia acftla i s irabal>]7 
du9 to tjb0 gtyl* l«Qgth diff«-«ac6« of tht tvo •p««it»« 
fl. iiUlim4ttterJjaa» ^» *^ longtBt styu mtme a u tn* 
tpMlM of ASIBH atadivd* Sbtr^or* tht pollen ttilM of tlm 
H* fmff^ ffMWi effoM not ftraS>«b]jr reaeb tto ovaxjr of 
the fi* fcatain^llialirlWt ^^ **>i«» »««Br be/reason for f«U3ir« 
in QbtaSalfig aeod Mt* 7i)t pairing bthaviaor of f|, i^id 
dnrlag Miotla IMUI fhaim ttat the hcmology bsttioan tiit 
gtnoBM of thei). i m r f w ^ &»i fi* iatovn<aiffh»ra«i ^^ 
fwry iftalt ( ditaaia in oteptar 1^ ) • tho BMO pairing vaa 
88,9^ • 3L8,fi^  • 0*6S^^ • 0,48^. IBiifl sttggasta that the t»o 
spaeiaa are distantly related and po88ib2y t^ va 16 cbrmmom 
partiaU^ hoiaolc^ oaa* 
&• m^n^tg^nr^fflli «»» al«o eroasad with tha (Atmr spaoitt 
( Hibla 9«X )» bccfe s^srbrids ««re obtaiiwd only tflth 
ft* ItliUlJiUI* Of the 4 wriatiea of i2» baa^inua crossed with 
j^ « fcH ttiiHilgfaUffi^iWif tgrbrida varo obtalaad ooiy vith two 
varlatiaa vi««» i^ « ^pff^ jjcua var* gUbgataa sad Q,» ftMil^ena var* 
jBtsoBllfilBIt* In both tha raoliirocal croaaaa i.a, vhas 
Q,* Irilliiniiffhnrfmi vaa uaad aa tb» oala parant, tha eroaaaa 
vara aot auoaaaaftoX* Xa al l tha aaoeaaafuX oroas. a^  tlia f% 
l^ tarida dbtaiaad vara tary vi«oroaa and paronnial lilca 
U* Ml twnilflflinTffilffiflr ^^ faaala parant* tlm t^irlda «are» 
howaTar, aoaplatalar atarila la both tba aaaaa* Tha wubm? of 
bivalanta la a IMC during diakiaaaia ia tha Ti lybrida of 
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IS to 24 with «a «f«c»g« dr X&af • iloft);r !>& &ifiii«ate la about 
S7«S^ @jts 3f t l» BlCt «•&• notietd* fixis ptlYlais btlnKflaEBr 
«iig«i^t iAsxt th» Zi dBtimamamBB cif tiii £ • l^ MMillittfi ys^t 
g2fi|i4 i^aifi ^^9 paa'tiaiSgr tt3tt«^ 3U)g3Qa witb £4 oi tb« $& 
c&rGiiBi3ii;:a88 c^ tbe ijt* }t^mnfl—faftgiway. B&Mlitrl^ Sn ti^ ot!ier 
2,7 t o £§ ^Ifalea^o uith «a afoimgo o^  Sl«^ blmlozitii ^ r l ^ « 
$ibd oe«a^as£il occm'vmu^ c£ tstrtVAltats in b«ftih tibect* l^^Mo 
saggnsto tiBt sasa <i: thi fl» MMiKSSSlSliBKiSili ciirosof Jits «r« 
to £019 a=^ ^cb] t ia criiisuil &»3ei^ 4^ 3^  £i^S eiaaasscaMi* 
^it mgm'^mx^mX eiosaiiigs cmriod oat io tbt six si^oios 
^ JC^ iyyMI aA^ t^Mi cgrtolflgioil wmlytlt 3£ tJa epoelos i^ fterM 
olitftiAod IMVO titto oif o]ya^ MUI/ dttails roi^ardir^ tim 
giiMtJLo }mU%imtiii.p§ af tte ifiMMi«fl« 1M« ct^i^ ta« «l«o 
mwoe%i§& tbB ^Xrluim ci 9 t^pa^SmB iato tvo grmsjni an ^tm 
basis (tf tiMir »ari>bo24%f «iii«h ^o fiartlitr •npportod b/ 
•ytolQK U^Mi^  «nd flrotting b«l»Tioitr» fbtMi two wnftimm luro 
oopuwfeof} fro« m9b otiitr tgr oaBiOoto borrJUir to gono oastengo* 
ifcnranrtr, tlw oooiimmM Msgr •imimr «xiM«tXtiitivt and qttaUtatiTo 
oiMomolcrt tioroogtottt tJMiso six iiptel«i gi^sgosts the proMaoi 
of saao or tiailar g«n«i a»tf irdbaHUtj of a aXoat ooiinBa 
(Aostoat of tib«o tMO aootiCMui froa a oosMiaa anoottor* Vm 
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mmmgf of tim tattling intcrrtUtiofts&ipf i» trcrMirtuNi Sa 
Fig* 80a* 
Bi^ MfliE ( afi4f )« OB tba bafis of MpHrlamUii jyiarKliMtiaB 
la tilt gmnu SiB$S^§ Mg tttta tiio isiMUis <tf •p»«3fttiga ia £»Iiustai 
( i ) « pd6«atial n«» upMits and (8) «t l f i« i« i aapbMiploidt. 
F«t«itiiil atw tj^ i^ UMi atswJ t^ed tor Bil>«d«it wrc t^ M^M 899 
gts^ins trMali ptmwmA €l£fflr«at eE^ roiiofiiMw nii£iMa>a dwiwd 
froti pap%l^ twc%ii9 bifisiT. da batsr«»i diploid apaaiaa of diffarwit 
9i9t3m»mB vaaabftBtB, BilMSMle tea aagii«tad that titosa tta» iirslaa 
of «a«i) igi^M irodneta aa^ te^va providad aa» alart:i^ p:^ts 
for apaelat&oii* ttm gvasaai fladioga alao ntp -^ort tMa flaur 
aiaca nair a^akta iriti: dliff «r«Bt atiraaaaoaa mtnlbtra bam baoa 
iiNtlatad froB V^  a^d fg g«aaxatioa8 of tfei@ ymttlf far^la Vj. 
l^teiA gf Q» fafloMMM^ ( 2 B « ^ ) a j^* haaJHami ms, $MMfi%W 
(ea«ll) ( tlta data of Fg gaaainUoa ara not .^aaladad ia tim 
iraaant work)* U tim pttxgmsf a£ timaa nan atmina ara givaa a 
•teaaa to groir ia apatiallgr iaolatad aittaiti-oa fvoa timig poraata 
w aloaa ra3Ativaa» It aaar te poaaibla for tiioK ta avtflva lata 
vtet Bd^ aoali aallad aa *patiantSaI* aaa apaeiaa. tim Fg and Fg 
aagvaiaata of &• a—rfaa«iy x Jft* b—il^aiff fstr* y||l||lTll8t te^ 
praaaotad aa arxar ^ nw wrlaata witli aav elvoaoaoaa anabara* 
tha aaad oal ia a^ aa of tliaa, tea iairavad to a traat axtaot 
avar tlw partially fartila parmtt* «>ia ladiaataa tl»t tJiaaa nm 
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gtam^t « n tteiv* to IMCSM atit titriiftita sr apM^ t^ U •oat 
fclftd of ifolfttim in provi^td to »IMI»* ffais kliidl of «?o]]i(i«i 
ft* ^ *ili<p» ^^ str* ^ la^^yn imv* sljo s^ mia anotl^^ leiod of 
tKltiD oorpbologioii. «iitya«t«r0 oL' £ttml« imrant £« «•«? <'*"y 
litre found to imi^  asiMi <3£ tii9 el«xuet«r6 oif the bal« preiit 
t tet astxo^rtssioa las d^k«ii j ^ ^ to ti%s8 £cQ?iat* 
@|)iMii»ti(» Isgr polgrs^W ^ aaotl^ ar obvionft Mtl:^ tm t£a 
orig^ «nia «r:)tatlaii (A wmf apteiea Sa tlw e«mia fhtflli ^^ 
flgwmo— amdHprt gf tte fltlm tpMimi liaitd i s Hakim 6*1 
•Iftur:)^  witgMt tlKt aott of tlm cgpt^i^i«a.3^ Vsumo, ipetiM 
of fttlmit ftvo p93ypl9i<3t» HA Ittfoat w^b^ Imowi Sa tiiii gtmw 
It £fi>«l tritith i t ttfiHilli' oontidirtd «• o di|>loi4« But • ttttdr 
of tiioJJp ktyyotrp* ^> •^ o^m ttet tbt eiiroBMOBt ooapJ^attsto <tf 
tliit »po«lot t«M«igt« of t 4iitlttftj^ tipuvbXo ohroKOtoKt oirbt 
of e olaroitotMtt m«tvhich sigtt^ had ^taii ttely wiiSiaa tetlo 
gonoiw iota. ttii« titggorto tiMt tfi^ a diploid sptoiot of ftHm 
•roao «• Ml «li.opo2]rj^ aid fre« 3i<«« Stobttimi (ISSOf V&n ) tea 
«lao si«|talod t£»t aU gaaora or f«aiUaa tetriag baaie ahroaoaoM 
ttwOMora X «4t or tilgHtr l»t« koaa d«ri-vad tlir9ugli pOljrsOLo^ r i^r<"» 
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groBpt at piMMf Urim 1«»«P mnibtrt. Sbtvtm't in titt {irastat 
apttltt uitii ea%2 faM lM«a f omd In nfttiir«« AUo x«>&2 faM 
«r« |r«tty ''^ •^ ^ agTMd upan ( Stfttftias, IS^ ai )* fht tptsiM that 
imw% mw9Vn& ia i«o2»tlott aiy saaittiaas COM togstber aoia 
£ r^l>riii«« rMaltm^ into th« procittction ot i^nral* or partlgr 
£irtli.e ligtter^ tfi!* & dtmbUa^  d£ dv^ anMOBta as a remilt af a 
failara ia elir^ asocaaa ^gar^at;s.ai darlae VMV^W I of tJba Vj^  
l9%vl)da n ^ Smm raitl^Ktioa anclai g i v ^ riM to mradu^d 
gaaataa* iWo catik lun^daeod gamitta leagrt ^ e£tinc»» uaita to giva 
riaa to a plant vj^th daiKbied etKm»M7.^ au^ber* It i« Uk9}^ that 
tlia tatniploJUl i2« ^i^lfmi spaaiaa orlginatad from i^ opoXatioaa 
of tva d:^oltia oC aia^lny aapaeSt/ i i l» thoaa two farm of 
fit* JUtliyi apaaiaa rajiartad ia th^ frasaat itadjr* fha aJULotatoraplolti 
arigla of £• l»—iiiiffiip i» alao avidast Aran tha laiariai; iMihai^ oiir 
of ahreaioaoaaa of th» W^ at«rl>Xa hylKritSa of jQ* a^a«a« and 
ft* IttiUiaii* ^^ vaa found thkt tha iM ahr^ MtMoaaa of £• JKUM 
ahflw aaaa aaaoaSatioa with tha JJ! of tha M ahvoaoaeaaa of tha 
A* ^—^^ ^mil ^ ^^ ^w» ^ hivalaatff dnrii^ diakiaaaia aad 
aataplMa Z la tte r^ bjfbri^B of thnsa tiio aiwalaa* Slaaa tiMora i s 
aa aaltlvalaat f :»Mtiort jLavoXviag im ramlaiag IS ahroaoaoaaa of 
tha £• tMUtHi spaaiaa, x% ia paatlhla thit tha 12 ahraaoaoaaa 
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frcB aaothir diploid fpMits vhieh i t g«n«ti<mX]7 
difftrtst frott tbtjQt JUBl •PMl^s* diaiiftrly tht i)«iap]«i4 
•pMlM J2* tirrlmniiM ^* «voIt«d tJvcragli • steaedaxy Igftoid 
p^iyploi^ (3tabbiii8» tBll} * ID thli ORM tte t«tr«ploid 
•pMitt J3i« iwliicdM apptare to haw erossad vith ooa of ita 
diploid carantMf soat prolMibly a ipaeiat aioilar to jg« a m i 
ratoltiog into a triploid atarila t^brid* fhla stwiXa tripled 
bf thi aattod of etvoaoaoia doubling daserlbad cnvlie; tmcaaa a 
f wtilA aUobaacai^ oid* TMs ia ari^oot firos tha pairios bahivioar 
in tba V% t^brid of Q* )^pailiena and £• aaariaanna wtunre tite 24 
ahrarosooM ( tvo gaaooaa ) oS Q* jbaai^caa avo able to pair 
peurtially or (Kaiplatailiy »itb M ohroaoaoaes ( ls»o cioatxma ) 
oat of tba M etaroamaadf ( tivae ganoros) of tha i2« MUb^SSOSM * 
S i^rtter the f^tbaait of Q* MfCiSUIBI ^<^ fi* baailieaa and 
U* JUm ^ tba pratant votk baa provldad a ooaoluaiira avidanea 
for tha allohaiapl^d origin of £• mSlSKSHI* B^t* ftwraga pairing 
bahatlour in tht hazaploid ^mthasisad ia 0 .4S%&.9^^.0S^^.e^ 
Thia iaditataa that tha parvactal gvaoMs hacta soaa rtnoba i«t»tia 
•ittilirity vbi«h orosad tbt f orBation of trivaUbsata and 
tatrairalmts* fisif«V0r» in $0$ of tha aaeaa rogul*r bifalanta 
vara f «nMd and ftSt to 8 0 poll«ft grains took daap stain in 
aflat oecraiaa* Alao tha flafld stt vaa W$ to ?iQ9( aoaparad to tha 
aoKplataly gtarila Wj^ Jvbridf. Ttes i t elaarly daaanstfataa that 
a doubling of ahroaoaoM* in tha flonplataljr fltarila iatarapaflif ie 
lybrid aottld mka i t fwtilo* lhi« auggasta that tht oaasa of 
•tarility ia thaaa W^ hgrbrida waa aJvoMoaoaal rathar than gaaia* 
timt • vm pfl^j^did Mitit-bits slsiJto i£«€^liurit.i«t la «Brtai» 
mm» ( it«iii^ i]i8» mso )* 
^Iktenglt tlto vole ^ ttoto^Sart^loi^ ^^ ^ ^ «vaXiiti«Hi ^ 
seir 8S««it9 In tim gwmw la ast very e2mT§ th$ gt®3m% 
e43£p:L@t«3^  'd3 r«IM C4rt* ti^» ««i» er^ t^eat fs^n t ^ twintiacir 
^ ^ p^lsri^M i^ di&iitsisd^ ««s« U»t vigar^i* Mtl:t»^& tilt all 
fi9M ^xt&tmmA £a tj[» SistSiMi^  m^g3ll^i&.3J& %h» l^scbm^ fluM 
baviesill^ r si^ i^KiIp i^Msr «xh£bit«d t«ts«<mi«rut Cou^ -.t 
jg(u44«c!}« Xi» ft««r«K« ^ iiyl/i,; ptr B^ wm ^ « 4 ^ ^ e«8^* Xte 
^aU«a j^nOnii a? the «^api%i>X9M» vtt9 a£ <!iffir«at nlMt^ 
bttt ana/ tilt blgi«r 9«UiB gmla» mhn^ *m^:.t\^ mm»mim%9lsf 
m^^ {^  tte t i ^ l x.^ U«n« «y«iiattS tsitic • d«tp glKla ia 
a«ttoiMr£iiui« Xlm m^^ mA Aim m» v«te««d to 2Qf( in tibt 
atitopol^ pXoM - €m^tx%d to tl$« SSI» ti» €9^ MW^ a«t la tl>o tflatrol. 
I)i<k«i«* 1% mf "^ pomi^Io ttet tiiin Mrt f^ m^otte ii^noratliiT' 
iriU Iw rt«tl£i«a i« tiso iAt«r 4j,«a«r«tlttit of t te oolafepiolde. 
AaottiiloMf tea oiafVicrual/ jil^yad a gir««t r;ila la awlatiaa 3f 
a^toiaa la tiM gtmn flf^m- A t jrvMnaa af t«a lauOa 
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taaSbw M»XZ»,m& M •% U an «vldtii«« for tiOa* flii« point 
bat alSNMi^  bmn dlMUMod In oonnMitiai with •IvoiraMM t»ti« 
mmftMrt* Ibis kind of •volution is «l«o wiOmt ttom tbm 
bvoedlQg terri«7i asrlflimtod botwotn tbt two J2* jBUDIi cytotypes 
(2a«tMi ftt^ SaaeS)* Obnouoljf tJMso tvo aro ftllQpntrlo farat of 
tt>« mao optoioty tmt tte orl«(in of ftii«cti4ol<^ in ooo of tboM 
two tm» eroetod «n offoctivo tNurrler against prodcwrlng fortilo 
t0\iviA§ vhoa the tuo icsms aro txroggbt t«ig«tber* 
Variation in elnroBoaotsia ftrucstosra and oaiotie Itaiiaviaiir of 
oJaranogflBoa in tha Fj^  ln^ida of viurioaa vavictios and es^i— 
tSbtrngtaA doriog tfae {rostfit atwlf point ant timt rapattemiag of 
ol>r<»Oionaa tqr iBvaralongy tranaloMtiona dalatima «to* faava 
plasrad ao^ rola in tha avoltifeion of Yariatiae and aiMMiae in tlia 
gaona fItTilifflf- ^^ Isasjrot^ jrpa stadias o£ tha Qs^UIB apooias bKW ahcatn 
tiiat tha variatal diffcraneaa in tha spaeiaa of J}« baailiapn , 
ft* JUBI ( ^ i)* a—rloaBna ara raf laotad in thair ehroaoacwal 
mof jBbalagj and totel oiroaatin length. fb» diffarvicaa in 
ohroBoaoaal wxrpholoesr aa iraU as tha inoraasa or deoraaaa in tha 
total ohr<Matin l«tigth ista possibly ooansrad ^ a to varions kinds of 
tranalooatlona and dsUtioaa^ Safaraions alao poaaibly halpad tha 
•volution of aaagr ir»l»tyio f oras in tha aavly staga of 
apaaiatiott of nan^  spaaiaa of QS^MM* Bnt thia aannot ba varif iad 
unXaas va atudjr tha synppatrio apaaiaa of fisiiHI vhieh perhaps 
nay ba availabXa in abondanas in various plaaaa of Aftiea vbara 
tha Muiiaaui anabar of jQslm ipaaiaa haa baan raportad. 
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&0«f C f g t l t i iMiglg tmt ti» iahwitMW qf • a t mjcr 
AUtltongli tjbt watstlal oUa of seixgr QllBMi spMlts tev» 
i « g 1>Ma liQMrtaat •oaMfflrtSAllsTf norjr Uttl« i s knam abrnt 
%tm PK%tnn oS ixitmtiUsum of Vmif fwicn* •oafftitsffiRAa* Hijor 
••MBitlal oU ese^rtitattttt of JSj^ ym eonslst of Ysrioaa 
ttfpoiMit and t«r{MaoM e^xiwadt* fb* iolMritaiiM of tlitM 
•OBplix oo^ ^NDiat faft« ^ «iB found tut tw eostroUtd l^ f^i<m« 
g«tM at faM iHMm da«nstarat«d la inuQr ij^eiet ( 6slt|4fi68}« 
ttm mim oil eaoflfei^ wntt of fisilni spaeits ioelAcla 
a l i i ^ t i e tarpana alaoh^^ l i l« Uz»lo<a« mmtsnttad pf^maj 
tarpeaa aleohol lilta garaaialy aUidbtie tarpaaa aldatv^ lika 
eitgral and ^e l i e Isftooa lilca casphflr* la additioa to tarpaoee 
ttui aaiwstlai oU frms apaaiaa of jQsSU oltto aixitaiaa £!l;«iolia 
•eaipQiuida islca tfe^ sal.^  aattyl alaiiriaol aod aBgaaol^  and tarpana 
aglara lifca asttQrl eimiaaata aad linalyl aaatata* Bafara 
diaanaaiag tlia gaoatioal teaia at inhar^tanaa of thaaa 
•alav aaaantial mi aaapOMmta* i t ia aaaaotlai ta tmon tba 
ateaUal alraadara of tliaaa and aaaa aOiad aa«paottda* 
flfvra 80.1 ta WQA aipSalaa tlia attualiUMa faataraa af tteaa 
a<aipa«ttda and givaa an Idaa tt^ ant tlia Iatana2ati<ai^j» <M»d 
diffaranaaa af tliaaa aaaaatUi ail aan<>o»»la« to «adaratat^ii« 
af %lm istavralatiaaabip af tfaaaa aoi^ aanda ia raqjnirad ta 
Intarjvat tlia gaMtiaal date af tJte ial^itaaaa af mmf tarpanaid 
and aaai4arp«iaid aaapaoi^ a* 
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ttt fciiQirl«4g* ftlKxit tilt MOBTofcteti* oi mtimon ••MntlKl 
oi l erastitiumt« !• wr^ p^r «.t prtPiRit* OB tlm baatt ^ 
«li«id«a ixmi^mumw ^gmm* (1912) # lteg»n<* ^aurtfi (li8i)« 
Hi%li7 06 «!• {V»Uf 1982) fistlwr ftsd LoHwaibcri (199t) 
f^lito (iseo) KnA Bimmm (19$4,19S8) Um3L9 (1997) tai Mar 
ottow 0iiggest«d provert^t of MUI^  ^arprnm empmm&a ma 
8« &i4ii^ faraiQM»««tIfI fiil«7i« iteid or it» lA«t9^ «to« imf» 
Atoor^ag to tl>«B tliti* mwaopttmrn im^m§9 a mrSos Q£ rcaet^csis 
iavoliriag ^n^oKirlAt^^y p&sw^t« tilisinKtiQiiy and 
ai«is^aiQrll«^t2.aii «te» for tl» M^imaaia of ^trpaaoid 
«$ittpaBiida» Bmit (1993) polotsd oit tltet grtodias oa tlio bioefiaesis 
of tim imtp^sm ulU II^ TO to oa^ Oaiii tl20 o«»eitrr«a«o ^ tbo 
ropMting % OQiti* tliAir rogolsr aaa aoBetiaeo Svrogeliir 
•rxw^ownttt t$» f osmtiga of tafrpaao b^BtdopiMf «&<! tim 
prowBft of • VKrIotr of aad^itim sna r«aii«tiaa prodofto. Iho 
origia of tlio C^  «»lta ^ %«aa attributad to « eoodaamtloa of 
aaatoaa »nd aaataldalr^ «r aaatoaa and ^ryinria ftoldt to an 
exitetiva dapft^tetioa of aofara m4 to • iMmnnralai of ax^o aaida* 
miliaa moA lawKlaa* Cbaalaal literatura m thia aabiaot affara 
a ^wiaa «f tita paatuiAtad tarpaaa praaoraw in iaOFraaa* 
iaowilara^aliG^a* aati^I lrat«aol« lipiMtari aXaolioXji laneiaa and 
irallaa ( Salt, 1998). iiawarar, 3idt (1988) oanamdad tjiat tlisao 
•teaiaal oiq^Uaatioaa m tlia Iwaia of 3«bor«taajr «ip«ri«aiita do 
not Uri^ ll«l* aa %im ootaaX irttthaaii «£ tM tarpaao m piaata* 
•miiwt to t^ MW i;3r?^li«tit i t ^ ^ «x|)<»riiMat« ««}>^«t«4i In « 
gyatiHi ^ t«tym aad po2art«riMiiti aad slattf ianircadldc* Fr^s timh 
•latiiwi I t £»« ^ m ^am tiMt •» f^^ bp^pMlie ja-ciUrpa* i» m 
itiigt of tffir^ca* f sirii^ t^ an bef avo t ^ t af dti^^oeiinlf Uanlood 
or gflnmlolf vM«li l^ iw (Sftas btta fj2ti^aftt«d at ^tsratdSAttt or 
g t a ^ ^ l^ atott ia t i» CsrmUea of t^i^aes; trtsvit iai thtt 
Um,^9m»l aUt (Saiitt £i33)« 
l&i4tet*» txptviamtt -^ itib t^p«Bii« told tap i^art ts tlit 
postal.«t«i t^ €3i^ &s:r ti^otfao^mt..^ at laitlaaijr tt®r»t«d t«r|i«a«t» 
f ^ i t « <li8i}» &!ij8eti% UittlQQi, eltr^antlltlt «lt»il. 9aA prraitl^ 
latQ H^Bf JdS&M «^ ^ Mkt i^lo to i«^ ' to Miami ttarps^tt m^ k:^ t 
f t ^ l t t Mf mmmeim9& at f^ LUNmi 
&|«etl»} t£ %:ktml&'Jl—^-ggmniol—^ff^^oCtmpimQl • 
i. •» liattttat • 
fit jwct m aC «iti»l<-^ gtvftni ol ^ -^ «ltr«Mllidl • 
and r l i« fXtgorts Mvt t«]r«ii ^ t t mt.h t l * iaroou««ioa of 9mp0mA9 
wHitli «r« trwiutntJjr 'ouo^ t<««tJlir in %im MaoatiaJL 9lJLg« lliit 
•i^Mrlatiit t^ongijr fliii>^t« tiM toaiatuiititt libit «tmi twrpiistt 
typit ttrpt M |«rviit toii^owy* iw tkB aivtrnity of t«rpui«« 
pr t tnt Is %tm oUt« iiadt (UliS} t a w i i f d ttet tli« itoOatlai og 
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mmmfiikU oi* tirfwiitol i» AijitaU msmVmBBXm ^ w * ttet ylag 
eX9tiar«s takM pl»«» ffos 9|»a «Mla ««rp«it«» flOa rStig «Xogar« 
formtioa of bicjrolUe » d tri«gr«i^e «r«fc«M it» feair«vtr» Kt«h 
iMTt diffiealtf and tts«lar t«B .^ tigr to midcrgo ring flfti<3a trith 
ill* fotaatloa of neciOcsfeXlo •arit«8s* @i^ ti«|i»Htt <XBiftiiU«9 
r«aicbloa» l74r«tloa» d«!7dv«tiaB and e«Krr«ng«awit« (Fig* eo.'s) 
tT» foyttiKr etoMs ttw ffnrssliiaa of terpeat fiansiXid* la t^ i« 
oil* iiaw b«ta «B3tteP pgr<£>itfi tm ti^ el^^iflta as »«ll «• 
bi^^UMis* MtlMn^ h mm avawtic «aBpauii:lt ia plctstc «rtt f ar»i(t 
fram {i««b«r»old p?e«v«ar8» i t is pr<3lMii:^ l« tl»t ad«t« in tlw f iml 
•ti^ C«t ftrt f«r«id £rQiB ot&nr wroaitic eoRipcnndt* & ottur wardtf 
ft fm flraMtitf «(»paini« vcm foormd fi^ m ourbotiifdinitcs vlth tim 
r«B«ia(3«r 4,«Bmnit«di bgr « toiplas afrits ctf liit«p«ciif«r«:::aas 
(••itliy 2800) • fte aoft pr<»iii^t ftamfftuml unit (Ptang tii* 
wr«Mitl« goiftaiitM SB Mgbtt {ilanta S« « nlit* Mrban aMiS«ty 
r«j»«awttd \ifX m ^^mofX pro|)ia« (fj|g* Su«6 }• 
» • mtwrally oMwrlng JiemxfX prdpttns 4ari«itivM {Voporly 
iA«imd8 only % ~ Iji Mipwttds gf tli» \^m MS«BOI, sonlfaryl. 
•l««ii«l» p - Mthogcy «iaiMunl(l«ligr^ » mf f«i« atid «t«* ifl>13# 
M tbt otiiar iMuitf tlM «3iqMB»dt M tiifMl, «arf»«oX cts , «r« 
• l « w ] / «»f tl* t«rp»aold «!»•« •ttn tliomli xhtf waf "- ttxpropum 
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4«fimtlfit# H i s {vdbsblt ttet tht bi<i«iMsi» (tf tlit 
X m plisfl^ l * fvopAM sad ih« tfarptitoijA • e • MqrproptM 
fvBteMaitoU^ «ar«lftt«« ( Qtissauiy X999). Steit (ISSS) ftlM 
ngftftod tiat tha formU«i of tbt tifo grompa of tarpaitM «»a 
tlM pro{irX bvasiiw dtorlmtlvts vttuU ftrw iadtptadaiit gtattie 
f««tara scd tiKit tfavoqgb tgftoictlsfttlaii the lat«rnidiftt« far«« 
taw «piMay«d« Siieb « l^ liTid paaat tritli mdletUjr 6ittwmn% 
• tstnt ld oil QQBposltiQo i»a tMMm proteoid Iqr MS:rof(ilNii) bgr 
ttrosaiag JBUOt iBfl'*^ "»«F ( UsooeM M SMjar ooapatmit } vitb 
£• ^ f t ' f^ ( eoBBiataos owrly <is' «i»iplete}^ n «• teplMuw)* IBm 
bfa^a «QiiteUlmi Iftotb gro&i>t» tlw t«rpeira as y«ll tm tefHtsiui 
fvoB pKiraat tvMS* Snasglvsve (ISSB) sStisp eaangrls^  cn^ 
iqrbridltstiai w9ck Sa augr •sssstlal <^ plants «ari«}iidM! 
t lat fMQsiasz«t>ls shsngss ia tite syatliiitls aetivity of tin (Oasts 
«aa bs flbMmd m^sr titt lafl:^»ot af ct^itfisatiaay so tbtt 
eMponnds «iar appsar ia tbs oil vhisii wsra aat prsssat la tbs 
parant plaats* But datailad gaoatisal iafastlcatiflos lutwa not hmm 
sarriad oat la aogr of tbasa spaaias. 
n» 8«<itts JtoHlft i« prdMbly ttia oolj plaat g»«ap Sa wiHali 
4atallad gaaatiaal lavostSfatiOBa lata baaa aarriad oat vaaantajr 
ta aadirstaad tiia iafasritaaaa aad gaaatisal basis at ^U 9mpminm» 
Munrar (iStO^» 18%) Nnnay sad Baitasaa (UI«}» Mnciar at ai* (i9Tt), 
llnivlkss ( i t f l ) aad 8 * U (liYI) iMva dsaoastvatad tla t^ tba 
diffaraaasa ia aassatlal aiU af JfatU^ spaaias ava f ind 
1^5 
g«iMtl«Rl29'« Sobti (1978) hmtwfvr, poiat«d out tint to uidtrttand 
th« g«ri«tio basis rMpoDaibls tat tlm frMeaoi of varioiw 
toiiftltotatt in (Momtial oils di«tlU«d froa Jtaltli spv^isSi 
It is ntoissary to knm ths biogsnatie p^tSam^ propossd tij 
Vflcrlous voirksrs for tlm preesnss of prineljpsl soostittituts in 
•ists* Althoqgh no snob l^potbssis r^ardiog tbs ^sslbls 
biogszkttiG pat^ Miys ot jj^ Kbni ssasntlal oU eonpoands htis bs«s 
postulatsd tiXX nmp tbs preisnes CK( nst^ siodlar or oXoss shSBioaX 
eimpmoSB ia ths oil of osiaop sptoles sciBE«8ts %iu% i t niXX bs 
irortii vbiJbs to bsTs s Xoak at tbs biogeastis patlweys peopond 
in tbs gssns l^yai* ^^^ '^ provids soits uadsrstaadiag aboat 
tbs biogsastie f ormtloa off irarioos relatsd eonpennds ia p3imts« 
For namg^ coBpooads like Xlnalooi aad llaa]yi asstats bavs beta 
found as oajor eonstitossts ia ths oil distiUsd f!roo> tfao spseiss 
of botb tbs g«kcra Mtattaa aad i2SiBifi» SisilBrly sonponnds Mies 
sitral sad gsraaiol whish ars tbs oajor eoaiAitasnts ia esrtaia oils 
distUlsd tt^m spseiss of i2£hni> aXtboqgb aot focutd ia mjor 
qvaatitlss ia Mtt&iA tpMiss* Hw boss^sr bssa dstsetsd as 
tmcs eo^poamts in sons spssiss aad faas bssa soasidsrsd as 
iatsgpaodiatss of UaaXooI or sitvoasUal ( 7ig» S0*7) ia auqr 
spssiss of Heat tea. 
Salt (ISIS) iafsstigatsd tbs oils distiUsd for sons spssiss of 
I m C ^ » d stvgsstsd a ssbsas sbowiag ths bitgsastis patlMqrs of 
SOM of thsss tsrpsass dstsribsd bsXoif, Bsitssm (idM, 1958 } 
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^•igiui (fig* S0«8) glTSag ttw poMlMt dtrlwtlvm of aU knoMS 
JteBlte tpMlst. Hmrar < ^^ 980, XM(Vi» VM%), Kbmjr and It«itMM 
{l9U)t naen^ aa4 Liitc^ (IDTOg J^n), Marmr «»4 l»f«a i^«lil 
(1072) manv ^ ftl*(2S7S) «td ScbU (1673) tern «urri«d e»t 
•attnsiv* gcttftio iaftttigatiaa Is ^QuIlA ispMliso aod fOEteit^ td 
•itppODPt to tbtM cstitMSt Humor <iS60 }^ '^ tn*^  ttat m ttagl* 
g«ii« !• rofpoBtibl* far tim «aav«r»i<» ^ totom ( ntntbaw ) 
to it* r«lftt«4 ftit^iol. (veatbol)* Ik twt^ttee gagi:«st«d thtt %tm 
two g«it8 •oBtaPoi th« •^«»l(^ pBeat of tSx irati«liAl. tetonct knatm 
in the gtnaa JUyft* 
& liM b««a (tomrtvA la ttept«r 19 tint tb» pgpOatiOB of 
tjrp* teviii^ nKtlgrl «lmvl«Ql» Mooxtd typt imvli^ «mmi^ mx& fthls>d 
typt ti&vSag «uii$iltQr «• aajor eoastittumt la tlie ail iUi^iXJmi ivm 
«l»Tie(dL typt i» Mwt ttaMOBy £alXotf«a tgr mgntcA tfm «»d «ui|>liar 
typ«* S!» agtliyl tbavieol tjpt of plants wbtn Mlfadp »ftoii«tf tiMit 
tlMr« mf tvo typtt of prcigMlmii m§ wMtth br«d tm« utd ir6dta««d 
M2y Mtlyl «l»vi«ol typ« and the otter vMoh prodaooA two %ff 
dT pl«at«» (1) Mfti^l oMviool typo sad (S) sugiaol tifpo* Ite 
oogoaol typo of «/iuita, wlm aolfoa* tiKllAsrly ivoduood two typoa 
of proioaloa. Qao teod true for oogoaol typo a»d tlia otimr wMoli 
mroteood two typ«o of plaato (1) ««ottol typo aad (S) mmgkot typo. 
Tim Oiapbar tfp» of pUnto, vloa «olfod« tiao f«md to iM tr«o 
to 
eitcnsi tiiKS MiijfeQr ^«Stf M 7 be ttm hmmm^ms t7«it« for 
tiiist g«i«tf «f^ «n»« t ^ tfpts «&!«& pro^cta tvo t^p«s of |^tnt» 
ftr« fcttiarai^tsu* 2 ^ t^:i» rttptcUti 1afatt«« ^« ftss^ alio 
r«ftftU tl^t ££«ttierl, <^KVle^ is amidst otir a:is»iQl s^^ 
w^pfca? t n i t t . ^-m-iit nlthsngh WM^mii'm to mti^l cHrX^l^ 
£• gnfyfi«t?m <»^ lti; d^ml ^i s^ ji-'x* s l l «i3«t.l^uiiit end 
&• lllitoifflt^HliiiTiillii ^^^ mm^^m m M | ^ di£ om^iteMttt 
M«riA 1NiiM«Hi g,9 tlnrififftW ^ i th cltyiil. «i?»S £l* tttit*'^flgM w r * 
rstiprottX arowi liaW**!! timim wgrnUn Md, it««y«r« ft«i««idl lit 
ira«M la td^itim to wKJirl •ituMMts aui am^m asi flittux te 
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tmoM M oU otmflbltiwsts* Arm them «rMMt of £• UtTlmiWi 
i t ! • «l«ur tl^t oltval i t doaioftnt 9r«r otai^or but x««Mifiv» 
to isKtlrl «iiuiiaftt«» Ih «08t vlmr* set ptrant i»<! fintl^i ttmvieol 
fund lAoUinr i»r«at baA «itral at doiimnt oongtltatiity botii tl»s» 
«oiigtitaiat0 Mr* pnrant la «iml psvta In tte f^ Jybrld 
prodsn^* f|, 4grteidi of jQ* AMSEilflUSni ^>^ JQ« MiltWnli^lifcTlili 
isa« liaaool ia «^t io i i to vitnO. «• nm eaigtltimitt* Qu^tar» 
tht mSof «aastitii«nt of tfai ftnO* psrmt, fi* fcUI«inf!lfl»Tlfflli> 
«M «QBpUt»l9r iS^Miit* tim «ftMMr ia « Mtg^ie ketoo* «rhflr« 
M eitral i« «o opts «iia^ t«rp«n« alda^i^a* U thm wriaos 
tii08«i«ti4» pitiMi^ propimt& im m&^tm:, •piaesat Ueuilo^ 
g«r«ni9l snd otttg? t«v*pK09i^ » tl» eltxal S9 oemsiclared to ba 
f osraad sneb ittdpii«r ia t ^ oarita tt»a tin oitbar tmptxm&9 tfbiab 
ara afiitlinilac^ latar tnm aitxal* ft ia^ t^rafora» raawaabia 
to aasosa that a gana ar a natter (tf gmm* ppmsmt Uk Q* XUB^SKSSB 
lataffara vitb tlba bliMif^''^*^ ^ aae i^tar at tbc^  farmt^on of 
aitvaX aad doaa ncA aUaif tMa •m^maA to ba fmrtJIer ara^baalaad 
and aodifiad Sato . era aoisaas aavpooaia ia tba aarSat* A aiailiur 
gana *4.* baa baaa fpm%«A W Mi^ t^ncr (i872) to bloilE tba 
aoKraraiott eC Xiaalaol lato othtr aoatiicK awpooada likat 
piptvitaat amlaaa» wntbal uad marfrnp altbaogb tba gaaaa Him 
f «r tba imemtim oC tbtta aaapona a ara iiraaaat la BKB^ apaaiaa 
aad thair lybrlAa pradaaaA V bia, «ba aaapb^ la aomaraiaXljr 
aritbtaiaa4 Swm mpimm (Atalaad trm tarpaatina* ft appanra 
tb»t tbt gana ov gaaaa biatfc tha fttrtbnr aoavaralon ai aitral lata 
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ofclwr ^m^mm-^m )i«f «r« th» f gnwtl<n af «|piii«ii» M no •^gimm 
Irn* h&m i'mmA la t6t sU Swam ti-m IgpltrM pl«its» f&t P 'VMIM* 
of UjMilocdL ^id i^maidl. mm t f tU b« lo^^Alaid «t tl^i mUX 
•gls^nsJMt fa«tt <»f tim tmtpma cfettdLftrf tliRt t t e t ^ t rs i «ui 
b» «aiiv«r1^ iato jbtmniia isuBd gtvaniol into 2liHtIi»A hf « alngl* 
ttttp la « i ( ^ «is«* IMe tnii t i l r i ^ ^ b9m ««teblist»itf la tiw «UMI 
«ag?2al^€ tl-'it t te praps^sd MuBtasti© pitfc«»yi for ii::sn3i < mthg^l 
ara ^iffi^^^it* l^so^i^ t ra «}siid@r«d to :>« £i3rm^ ^n a aramtlt 
pkthmf» feiJng di i t l i iat tfc» girM raspa^isibi® Cc» t l » iar.-Atiin 
af tiNma «wititii»ati» -^^  ?ot Satar.f«r« ard&oU tira imtitm «f 
aaa^ a^maa amtlaaa tt» tm tt«m^ tn tfet lytef*^ indapandaatly* 
7Ma i t MtppartaA fiotJMir ^ list prmwnt^ of m t l ^ l atevlfial* 
Uaalael mi fwraalol ia tha l | . % ^ i ^ af fi. :^ i i l l i | f l» far . 
l l l k r tWI t^^ &• itiit«aB«!*ftfjr|f(B aMaFt ttMt aiu»plM3r proaaotloa 
l a aaaplattljr ahMkatf in tJba ivbn«t» j^anri^ly doa ta t te i:raii»aaa 
at a aana ar a gfmp of §•«•• la th« mla ^ raa t fi* iM iU lWl ^"f^* 
alatoat^ ifMah l««arfar«t w^th tim biotgratteaii !:€ a i^aiiliar at aa 
aari-lwr «t««a« » • praitaaa nt l laaloai la tija F|. I i ^ i d %atir aa 
&• MUm ( ^ ^ M } wiii i UaalaoX • • a»J JT aoaaUtaa t aa« 
?05 
&• iMItUllWl "V^ * tiMiM vltb g«r»ii0l At HI jar eattstitaMt 
MO }m ms^imA tint tliat tte g«r»iii«)l (^« CKnwttd into 
]l3»lo^ in a eixigU ttep &§ pr^ ?«Md I7 Chumttar (X8^) 
Mtd tto gciwi r^s^antibl* for it« emmrtim £• doaiiiiast* 
iStssmifiSBtt ( t«9las ssti^i elii!»mt« «• oftjor eaagutnant) 
tvith th* 0pMlM OP f«rli!ti«8 Mvias avtiirl ohi«ioalt eugtnoi 
eitr»l» g«raal(A or oan^Nr aad aa^bfl elmaimt9 M mjar 
t«mg6ituf!it la t ^ 68aff!)tJia 1^1 «3M»pt vbm Qm l^iliatta f8u*« 
pfa^ammtaxm WM orosatd tiitli £• kiilMtti^igelari mm ( <»a£p£u3r 
At mjor «9aibita9at}« IIMI f^ ty^M of tba Iftttwp crow taid 
lisoloQl and gttCAaioi. • • ift|aff «qiuititu«at8 «Qd Qoti^l elm»u»t« 
fte dMlsAaet of lo^tt l^ eiAsoEsiatA to otlwr eaotstitMnta OBLQ 
iNt «Bp2*ia^ Sf ii« «s«ni^ tittt tte blogwastie patluftys for 
Mit27l Aljumnto 4ov^t« froi tim ^%bmy {ropomd for tcriMmo 
ma& othtr eoipofaiidt nioh «trllAr nxxA tpfm boforo t ^ lorn«ti!ai 
of «ltf»l| g«ramlol aad otfe(ur em&aimS» elomljf iNilAtod to 
tboso* SMI proMNMO (tf limlool «i^ gtfnoifd la tiit oil of 
tiio Fj^  lyirid af jg. ItUliadamiiii^^o^ x j^, ||^oiii«ifi mx. 
parpattMrnnm ma bo m^HAimA if m Mwom tint 
ft* IflUiWTHlliftirltlH «M.«is io iHaplold tpooloo ooatmiag tte 
gtttos vliloh 4o not lOXoif tlit blogoootio pKthmfm to bo follArod 
for MtVl olaoMito ot on «orlj otago of 9yatb»9i»g bnt «OM of 
tJM gMMM boSog profloot froB tbt aoXo pr«it» g« fctlilllBl "^^^ 
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pitiSHi^ far «tapltor ira^^M*^ «t « lftt«r iUg« and gtap florthiar 
9mxfmttim of gtrtftloi sad lioftloal into dtlmr «ona!Ut««it«« 
gfe«ril« or ptrtOftUjr f«rtiX« ( 2M to @^)« Slw povtSaUy 
BoripltolflieicsftUyy «srt<d^i«ii:^ snd elwt^ oidlyr fmA ««r« nob 
r#l.lal>l« f CO? this W3^» 
fim maSlMae of p»m3MlS.%lm proposed la t^a d^MBstion 
«re igrptAtittaeil duo to tbe loot of gBffiei«it d t^o* S^ e^rof<3r« 
ti^so mod tmttmp oostf «y«iti<» or rojoetlm <9a t£Mi cvKUilDiUt^ 
of fUTtiitr (*!i^ * 
Uw^ oa t/:« iafeuy;;tatioo oi^  gtfaeticml luMlo for olMSlMd 
oomliitiioati in 'dolog O-otSainod aad t2ia i^ m'^ oot iutivprotatiOBO 
v iU bo fovliirod la ^ o isgiib of oov dat» d t^oiiMd* 
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Ffq. ^ . 1 CrosalBfj rolatloaslitDS of soa© spoclos oaO 
war?ot103 of QoUmn, 
Cl?c]c3 folnod by thtn IIQCS !nd1@Qto 
tiiQ pjfodaotfon of s ter t lo lipbplds botooci 
tJio spQoles, ITJO dottod Hnoa Indlcoto 
ttjo prodnotSon of ©enk serdllnns K1)IC!J diod 
at an ear! ; cge. ^in eoutinmm Uaoa 
lad3o3to ttJo production of par t ia l ly f e n U o 
bybfflds botwecti t&c spse^os, HJO f^ ja lo 
pas-eat la pointed o-Jt by oa Q?ycrj bead. 
"ilalo r^ eoatfEQoaa Hoes oHI» Qproa boada 
Qt botij tbo cads iQdIooto ttio product Ion 
fcTt t lo bfbvl^s In tliQ roclproonl orons 
polHoatSoHS bott70on tfta vorlot loa. IIJO 
doablo iiaeo ul t t i oiross ao7!:c3n<i fDoldo 
yofc? to vQyIotloa co?p&olooleol typoa end 
oytotypos of tt:o spoeloo of OclatB. 
CROSSING RELATIONSHIPS OF THE SIX SPECIES AND THEIR 
DIFFERENT VARIETIES OF THE 6ENUS OCIMUM. 
20.1 
caoQOtorpeaca, 
STEREO CHEMICAL CONFIGURATIONS OF SOME MONOTERPENES 
p-Myrcen^ 
Nerol 
Citral 
jB-Ph6llandrene 
OH 
Piper'itol 
fi-Oc'imcne. 
H 5"3 
CH20H 
(+)-C\tronellol 
Linalool 
Ocimenone 
p-Ci/mene> 
OH 
C H ) 
C+)- Meninone 
(•~)-Carvone 
i 
p-Plntm 
Carveol 
Jso-po/egone 
OH 
Thymol 
CHo 
(+•)-Camphor 
HOH2,C 
Layandulol 
Me.nihane' 
( - ) //6ff#?0< 
/,8- c'lmeole 
CH3 
(+)- Pulegone 
OH 
CrtKKdcro/ 
CH3 
(—)-dorrtMi 
CHgOH 
Ge.ran'iol 
H. ^^^ 
(+)Cttro»e,llal 
(+)- L'lmanoyie 
•OH 
/SO'puUgol 
Mentho-furan 
OH% 
(+)- Piperi-tonei 
(+)-a.-F/utue 
c»z 
C+^-Camphtne 
20.2 
PSg, ^ . 3 StytsotOTol foraaleo of benzoic ooUh 
elQQGQte QoH Gad csethyl cli{a3:satQ. 
i?lf!. 20.4 SsructuTOl foraQlao of tbyso** eoFvocrolt 
oaf?ol. 
COOH ACIDS 
H-C-COOH 
BENZOIC ACID CINNAMIC ACID 
AROMATIC ESTER 
CH=iCH-C0-0-CH3 
METHYL CINNAMATE 
20.3 
SOME COMMON PHENOLS AND 
PHENOL ETHERS 
CH3 OH 
-OH 
IH CH 
THYMOL CARVACROL 
OCH3 OH 
CH2-CH=CH2 
CHAVICOL 
CH«CH=CH8 CH-CH:=CH2 CHg-CH^CHg 
METHYL CHAVICOL EUGENOL SAFR0L20 4 
of ts rp^o £s^41ie3« 
POO J tjo'G^<:^^Uo s<£)3i23aa3. 
ELEMENTARY UNITS-
TRICYCLIC & BICYCLIC ^O^id^^iion 
redaction, 
hydrailon 
OPEN CHAIN TERRENES 
TERRENES 
•^ MONOCYCLIC TERRENES 
rcArrayige. meni s 
y 
BIOSYNTHESIS OF TERRENE FAMILIES 
( A F T E R Ha.a^en—3mit,l953) 20.5 
c>—C-C-C 
1 -phenifl propane 
20.6 
F3g, SO.t DiooTOcr:!OtSa pq)K)8onmotion of blooeaaalo 
OS 40Tpca03 2n tlJO o i l o f pOppOKjIO* OBd 
opoasaJoa, 
^=0+H3C-C ^ H ^ ^ ,C=CH-C +Ha ]:H-CHg;C( 
Hjp H ^ H ^ H ^H^C H 
HETONE+fiCETfMPEHyDE g ^ ^ / ^ |-/«,o/sHaO ISOVALERALDEHYDE 
o \ r^ // 
C=CH-CH=CH-C=CH-C H3C / 
»3S 1 H^ +Ha CH3 
HjC 
P=CH-C H-C Hg C=CH-C^ 
H 
4-2H 4< 
tf/fro/7e//a/^C|oHi80 
7sopu/e^o/ 
Mentiioty Me'^fhone, limonene,&ic. 
//v/^ppc-rmini Oil 
> 
>!< 
LmaLocL 
Te^rp/tieolyCineoL, De,h^dYooaYYeoL, 
Caryoyie/, 6>tc. 
m Sp&a-Ttni nt oil 
BIOGENESIS OFTERPENESIN OIL OF PEPPERMINT 
AND OF SPEARMINT (After Quenlher.mi) 2 0 . 7 
S'So. 29.f -a @bb?«ffated dlaciffaa of tUo %IWOQ 
o? 'leattoa. 
REITSEMA 
DESIGN 
LINEAR OR MYCUC 
INrBRMEDIATB (X) 
^00CCH3 
ACya/C TYPES(Z)/IS C/TRflL AND LINfiLOOL 
CiCUC C 
INTEKMEDIATea) 
Z-On&ENATED SERIES AS BELOW 
3-OXyGENATEP SERIES AS BELOW 
Z-OyiyGENATEP SERIES 
FUJITA 
DESIGN /MEMTHO t^URAM 
MVCLIC 
LOOMIS 
DESIGN 
/SOPIPERITEIiOI^B PIP£RIT£NONE PULEGONE MENTHONE 
3-OXy6EAIATED SERIES 
GERRNYl 
PYROPHOSPHATE PYROPHOSPHATE 
A VERY ABBREVIATED DIAGRAM OF MONOTERPENE SYNTHESIS OF THE PRINCIPAL 
MENTHA CONSTITUENTS, ILLUSTRATING THE DIFFERENCES IN THREE BIOGENETIC 
DESIGNS RELATIVE TO THE ORIGIN OF CYCLIC COMPOUNDS FROM ACYCLIC ONES. 
{ Afhr Murray and Lincoln, 1970) 20.8 
2o:i 
Oh&ptor 21 
a V If M A B X 
Tin gams StBiMBM ^ ^ * ^^^ '^^ iaportemt eroaatio gronps of 
ImcbaMoaa j^ la&ts btloiaging to tii» faaily £«biata«« Many «p«ei«t 
of QSUKM strm as laportaitt wttoxml souree of •oonowLeaX^ 
iBpoctaat taaaatial oila. I» prograson d? JAprovoaeat of gSx 
laportant 8ptei«t of SSkm •!>•»£« .^ffljl, O^a^ilioaa. £ . ausisasm» 
Initiated* tb» foreaont vork faraa a aajor part of this progranaa 
vi^oh laoladaa iirraatlgatioas m aorpholc^, oortoiogy* floral 
biology, br««3iag bebaTlour, 9xpeTijmit&l ivbrldiaatiQa» geaetlos 
of the iaittritaaee of oajor esseiitial oil ooBpooents eto. Site 
Baterial for tie present Inrestigatiaa has been aoqttiarad froa 
different parts of &dia cs veil as fron other eomitoies luce 
Vest Africa and Iranro* 
21*1 Mflretelwcf Mn4 9YtffIag 
CcBi^te Borpholciglcal deseriptiosa of all the alsc speeies 
and thair diff@re»t irtirlst-.ioe and raees inoladed in tim gtaiSy 
were Buide* Po3yigraph8 mve dr&vm to sko» eartain noo^hologioal 
aimilaritiea or differeneas l^ tween speelea 9M veil as betveen 
different Turletles or reees* 
On the basis of morphoJogieal distlnotaem and bwiie 
ehraHOfiOMe mnfter, the six speeies isTestigated tare been divided 
into tvo seetionsf J^ «»1 B, Seotion A eonsists of 2* JUHBIly 
£• buyoifla* fi« ( f r l n m i tfA A . ifiUMBfliwhiritowi end Saotioa B 
ooasists of St» —watMM gftd J2t« inrrlrlMllBMi Vhree of the f oar 
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•p««i«» bftlOQg&Bg to thtt first group «r« predoaiiuuitljr Jwrbaetcmt 
ftnnmla irMlft tkm taaxtb, vli*» i2* MllWntllgfrfl^ft ^9 pervaaial 
uadcrHihnib. & ttm osoond group £• jiasJOB ^ blannial. or 
trUnniAl vMU ii. yntli^ illfl^ mB ^ • per«imi«i mdfr«>tJ!in .^ Urn 
Medt of ti29 iPlrst group «r« bla^» «Uip«oid asd hoeom 
moiXtginoQs tfh«a ««tt«dy ir^ «r«a8 In tte tteond grenp tbi^ ar« 
bromii^y glci>oii» or sti^ XdboM and do not bae^oe saoiLiglsiaaitt 
vhm «r«ttsd« 
fh« <5ftolc^i«a CiadSags al«o support tlia diiraal<m of tba 
elx ei^eies based m mxpg^mlo^* fb» spsoies belonging to tbe 
£ irst grci2p {%ve s e 12 and tinse belca^iog to the aeoca& grmp 
haT0 X @ 8 as tlio bftsie ehsomoaosia nui^ bers* ^^ present 
ittveatigatioBB tm veil as the prevloas reijosrte OQ tl» obrososone 
muJbere ia the geaae, leii<3 mwxi^ to t>be p>es9&ce of tvo ^ s i o 
oJbara«t(»<»»e aniiNa^ a la the gtaus p^ iyqa^ . On the laieii odf 
ehroincHioni aii»a>«r aad ktssfoltsf^XtmX sttviiee i t ia iniggeated that 
the polyploid speeiee in the gent» ff^^ifflBM ^ ^^ »o<Et probably 
orlgiaeted es allopoajploidg* ]% in foxfther euggested that x « 6 
aad • 18 are eeeandwy baiie ohroMtoeoM muibers originated 
txcm gOM aneestral speoUs with x ^ 6 thraogh aneuploi^ in the 
«aae of x » 8 and throogb po3ijploi<}f in the eaae of x " 1S« 
OB the bwiit of the indlTldnal ehronoaone l«igth» the ehroaoaaBea 
of the apeelea asre elaaaified into 8 groapa* A» B end 
C. Group h haa long chroMoaoma vith the lai^th of 8,0yit 
aad abote. Cronp B haa •edlnx aiaed ehr«KiaoiMHi vitb the leagtti 
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b«t«Ma 8«0/tt Attd 2«6/a« Cbroop 0 tm» emll •lrow»aom8 vltib tim 
l«agth of JL.9/Q Md bttloif* OaaaUjf tlies* elir<aM«oi« groapt 
iur« in Mts of 6 or tt aailtiido of six in ti» mm of ipMitt 
vitii X »12 as tt» b«iio ttiflroaogaBt mnftter or in ««tt of 6 cr 
« unlt^ plA of elgfat etr<»oiKHs«8 in tfa* «is« of speoies tiith 
s *• 8 aa th« basic cJaroaosoM naidtier* All t!» apaeiea 
Snvaat&gatad ntmlly baira a eoso l^natlon of tiio ot sore of 
tJMse eteonosoiEB typaa« 
81.8 ^ o g ^ biology and braadtng bafcayloog 
A ftud^ <^  the floml bl^qiy Ms :ravaal^ tbat ti» o^a 
of ea^ grgeaee and davalc^ po^ ofeal oatusTe o£ the £la»ar bods la a l l 
tba speeiea etodiad aara idaatioil* Bnt tita aiaa of floral parts 
i s found to ba einraetaristio to «ieh epaeias} floaara ia Urn 
first groap «ra mme eoaspieaoue than thoia ia tim i»eaad group. 
Optslitg of %tm tlmms$ aatl^siat Ufa of flonw ate* are 
variibla fron spaeias to s^Mios* 3 ^ spaciaa la vbioli 
aatbasis Mcnrs early* tiia flovara are sluart lived* tim speaies 
baleagiag to tiie first group are protand^ous* Xa tlia seeood 
froc^ tilt sawal organs la tbe flowers aattire alaost 
siaoltanaottily* 
IBie ^peeies studied preferred eross poUiaatiCtt althougli 
a l l of timm ware f aaad to be tuixi^ self eoapatible* St» ^ ff«tny 
and g^ ff^ ^ i^fflwuif aeAars of the group «B«, in whieb tbe 
deblsetaee of the antbsrs oeeurs vitbin « tmt admxtes after tbe 
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opfoiag Qt th» tlmMBPt, h&d good Mod Mt i^ solfiag* 2h « 
• t o ^ to find cut tb9 vsAmit of ero8*«lnro«diQg ia fii^ym 
•ptolo* la mttiro i t «aa dbtorrod tiat tbo ffiroso tanwdliig ia 
anttiro t«3Pi«f from opooiM to oiNKSiao* i&i Q» miliinltffhMrllBir 
fi* IffiffillTlHf Bad A« grittlitWfl plABta do not l^ rooly t^^toidist 
la aatnro* Hm two cgrto^pes of i)« SBWB •!*•» 2 B < ^ cuid 
&a«0l» did a:t oroat ftool^ and i t i s ttisTOfore sc^estod 
t!at theso tvo vmy t>« stpKratod into tiro scOiHipooltts or 
vari«ti««« jQ* SSSM (&n"'S4) i^txrlilicod isosro tvneS^ tbm tlto 
anoa^old <Q. Mam (gna28)« All, ti» four tariotj^s of 
il* bttoilictta iavosti^tod ^or l^diaod moro £roo2y aiacais ttemoelvas 
OS well as with otlMr epeoioo imvlvod ia tbe ivesent 
ibnrtftigatiOB* Of tim too SI* SMSMKEEB tyi^t «tudi«d» mtb;fl 
eMiriool typo mM foond to t^^i.&Ss9 more freoljf ttea the 
oi^nil typo* 
flMi data m iatoMpooifio oroooiag iadieato qtiito a 
«OH{»i«K litQatiaB* tho fiiltzro ia ctotalaiag <fia]»lo ^bride of 
spoeiot wonnm oro foimd to be dao to <»o or a ooifeSaatiQD c£ tho 
folloiriag roft«eni« 
a) Ditforoatia ia floral otraotitro of tfao opooiM 
li) QroaotowU. ftarllity 
t) aoattle stwlUty and 
d) ngpoiologioal inlMilaaoo 
0!) 
Xh0 tisBt reafoo lias btoa su»ptet«d to b« responsible for 
the failure la obtaining seed set in tim crosses of jQ« ^sil^cmi 
•ar. Fuypapaseenee (2n"48) xj). JSISBi (2&«26}> St* fatfU^TOB 
i^^ ar* SiSiM i^"^) X A* jBUBli (^"^4} and £t* MlJUmlfWltlMrMaB 
Zn'^) X Q, fneriflanma (2n87£) • She reciprocal crosses in these 
were eaecessfal* Ihe species have differences in their style 
length and when the short styled species vere used as male parents 
the crosses v«re not saccesefal. 
Differences in the chromosone noaber of the species have 
been soi^eeted to be the reason fen* the partial or cooplete 
sterility oS the 6 interspecific hi^ bride obtained from the 
present experiisents* 
Zhe failure in oiitaining -viable ,tir hybrid plants from tbe 
apparently healthy hybrid seeds in crosses between the si^cies 
of the two sections are considered to be due to the taxononic 
renotMness of the species involved in the crosses and 
can be due to genetic sterility. 
3a crosses uhere the iQrbrid plants were dbtaiaed but the 
seedlii«s were very weak and died before attaining aatority, sons 
physiolegioal lobalanoe la the lybrid plants nay be the cause of 
failure* 
With regard to the degree of fertility, the interspecific 
hybrids of SiSkm species can be divided into two categories 
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• i s . f oc»pl«t«]jr eit«ril9 l:o^ld8 and partially fertile liQrbrids. 
Ml tte eight interiQ)«elf io iaurbride produced exMbited some 
abnornallt^ r during Miosis« She major abnonsalities enooontered 
veret 
1« tJnpaired ohroBoeomes at diaklnesis and HBtapfaase I 
£• Burtial or loose pairing 
5* I^eoocious oeparation ot bivalent s 
4* ^nariutl divlaioa of tmivulents 
6* Ffidlnre of ocatplete teraiailiaatioa of the bivalents 
resulting into nan-disjunction and bridge farmtim 
at anaphase I. 
0* Fornation of restitution nuclei and oinsronuolel 
Sfae oiiromosoine pairing data provided ooae useful inforoatioo 
Oonoeming the genome relatiogCiships of the species studied* 2he 
pairing behaviour of tha F^^ iQrbrids of JQ. canoa and SL* Imsilicnn 
has shotm ths presence of 12 bivalents suggesting that the 12 
ehromotooes of £t« a^owjift are hogwlogoas with the 12 out of the 24 
chroBOsOffles of jQ. basil^c^. this suggests the allopolyploid 
origin of £• basilicam speeles in whioh Q,, cann^ or a dLose 
relative of JQ. sissm is one of the parents. Sinilarly the 
pairing behaTlovur of £• bfsilicmn and Q* ftneyicantp has shown that 
24 efaroraoscwes of Q, basilicua aore honologous with ths 24 out of the 
56 ehroBOsooss of JQ, aaaricanaa suggesting the allopolyploid 
origin of jQ« aaerieanom in which the tetraploid £• ^ailioui and 
Q.* SSSSXA 2n«24 are ths two parents* Ihs allohsscaploid origin of 
fit* aiyrieanua has been eKperiaeatally proved by reiyntheslaing 
2il 
£• ai^ioniM from the diploid fi, ^^£00 and t«ftra|>Iold £• ii&aUSkSSm* 
21«4 SilMritanoa ffittflm of aoma aaiar ••••afelal oU constItttOTte 
Zh« iJiheritano« pattern of the eesentlaX oil conetituents 
In the getme QelBnm has not been studied prior to tbi present 
investigation. Ihe isajar essential oil oonstitnenta oC Qsta3S& 
species eonsiet of terpene and noD-terpene oanpoands. The 
inheritance of similar eampoimds has been demoostrated to be 
controlled by genes in a nturiber of essential oil plants like 
&SllA» Mmh (Ublatae), fift^a,yBti^8 (t^ rrtaoeae ) and i^sm 
(Plnaoeae)* The preaent stn^, the first of its kind in the genas 
Ociwjun. priaariljr deals with some basic imderstanding of the 
biocsrgthesia ci -various essential olljSQispcaents. For this^ a 
kaoirledge of che&ical structures of various essential oil oontponents 
i s very neoessaiy* It hslps to understand the dlfforencMs and 
sinilarities of the inarious ooBpoonds* The genetieal data obtained 
fr<» the present lavestigaticaa are Interpreted with %tm help of 
•any pathways and seheaee of biogenesis proposed by various workwrs 
for various genera like ms^A$ J^ aB£i3& and EuealvptuM. Apart from 
this» some new pathmys have been suggested in tb» present work 
to es^ plaia thi «»plex inheritance of scne eonpaunds like metl^ 'l 
chavieol, wtiyl olnnaaate, oitral, goraniol, linalool and camphor. 
tjam mudter of pomlbilities proposed in this investigation are 
purely l^potlwtieal due to the prellsdLnaxy nature of data at present 
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a«&iltl)l« and i t oMdt fnrthtr eooflyaitiaa. ^aack <a tt»M 
Mipt«ti i» b«l«ig «oati.BiMid« 
eL.9 ^im^iflMi- at tl» tifwnt lawstlflfttAfltt 
fte vtiolts of ti» proeant iavtstii^tian t>av» iii>artftal 
b«arlii8 on tb& j^logmty cM iapfftsmamt of tbt QeiMua-aweiaa* 
Marpbcdfiigiml fltad <7to]iflii«al stadias liatw yi^ldad aoeh iaf(«<mtioii 
of tfta^it^ie atuS cvolstiaBascy SAt^ reet* Kgd^olqgloal tfta<3i«8 irnf* 
broic^ oot tis&% U» orlfiinal basl« oliraaoi^}^ zmnibsr for tiw 
vbt^ ^nns fisim Is 3c "3 6 and ti» presest tvo basio nualbavs s « 8 
and X tt IC ora darivad throogh eaeoploi^ and po^ploidi^* Anotbnr 
sigoif leant c^ r^9&tiGQ aada duriz^ %Sm pcncvA lavasti^tiaa is %im 
tand^Hsf totrarda a radnetioQ in hagth o£ tbe l^ Eig A and B typaa 
of elmcaatmn ia tha torbrids* B is probably daa to ooii» lataraetion 
of tba gmaa eootrollix^ tha c£rc^)soa» eisidtfi8ati<ai prooasa 
dturlog sito^ie i^tapiAsa. 
tb9 data QD erosatog and 8«iotio paixiog of tba obranosaBas 
ia tfaa iQrlkrSda provS4a ao«a signifioant ioforoatioo aa to tba 
iataxralAtloasMpa of QS^mA apaaias* 
Ttm s«ss«at lavaatScatioit baa al^ am ttett a vast atora of 
ganatle Ysnabixity i s atmiXidtXa in tba gaotta SO^Jam »^ tbat i t ean 
ba aaeoaaaftOlT utUiaad for iaproilag tba ealtimtad apaoiae for 
tbair battar aaonoaiie vtlliaation, Stadiaa on t ha ialiaritanoa pattara 
of ac»a of tba aost iaportaat aaaaatiaX oU aaMpaaaats U^a satlyl 
abavlfoX, amgaaoli Uaalaoly ganmioi, eltral, mtkyl ainaamta* 
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eamphos* eto. are balng utlllsad to Imprcnro some cultivated epeole* 
o^ fiSlilliB s^d BOSS new ohemical types have beea developed* 
She geleetloBg vere nade from different cultivated epeoiee 
and thejr mre tl^tn inproved further by crossing with each otheor. 
The seeds collected from these selected lines vere sovn ur^ ^ : h.^  
seedlings ralwd are nov under trial cultivation at tl^ Field 
Research Statloa, Chatha Rtrm, of the Eegional Research Laboratory, 
3axam* Xhe selected species which are under trial cultivation 
are the f oUcwingt 
(^) &• basilicam var. glabratum 
Seleotloo Ho.i Oil yield betwem 8.6$ end 3$ having 6C^ to 65% 
meti^l olstviool and ZS$ to 30^ linalool. 
•Selection ^o>2 Oil yield between 2.fij6 and 3$ with 55% to 00$ 
engenol and 30$ to 55% netlqrl ohavicol. 
(2) * f i . fiiSSSJi^iai 
Oil yield between 5% and 7% laving 6G% to 70$ methyl ohavicol. 
(8) *Q,, c^ nua ( Sn8e4, linalool type ) 
Oil yield between 3,3$ and 4% with 76$ to 86$ linalool 
(4) Q» SMOB ( SnaeS, camphor type ) 
Oil yield between 4$ and 5$ with 76$ to 80$ camphor 
" - ^ • - -\i • • I • • . • • • I I • r • • i r • T II •• - I 
• Ibe &ta Oils Mills U d . , Bovibey and fflndustan levers Ltd. 
(PBrfuaery and Cosmtio Industries), Bonbay have approved the o i l 
and asked fcv larger quantities of o i l s . 
1 -
1 1 
Apart froa %k»B» wU^iosm glvm t<xt %wUX mltlf9>ti<Mg 
aotm fde&3jr proaiglzig mm Tsurliuits isolated A'Ois tl)« fg and fg 
eegrogfttioDe of tim partljr ftxtU* % feg^id of j}* p^aifia^ nnB (Sn^&t 
oltwa type ) X fl, ItaiUlai "VBT. ftlafrgitWI (2a«48, icatiyX ciiavi«ol 
typo ) m9 nader i>l(»« c^ bisarmtioo* aoB» c^  tba Fn «arian1» am 
fomvS to bo Mebiy prosiisSag aSac^  tiny Mire good oil yield and 
M f^iSy dtsSx«&le coia>inatloiis of «9£0Qtial oil cKtn^ o^naata* Btit tl»8e 
vairiaiits are (mly S8^ to S(^ fertile and tbKcefore i t oay take 
several generatims bofotre MgMy fertile and true breeding lines 
of tfiese vstrlants could be developsd Sroa ttese Fg inarianta* 
the preseat Imrostlgaticm i s tfaaa imry signif icaat ae i t 
providea ao^ of tht most eajMotial baaie tmdar.^ taisdii^  m well at 
guidelines to tba plant breedare v ^ m^ un:%rta&o tbs prqgsaisiaa c£ th© 
inprovaaent of JSj^aii spaoiea* tbl® Invaatlgatica alio st^eats tliat 
tba i^il^gm toeedera eisouM ecaiaidar a mltiple approaeh eonaiatisg o£i 
(e) Slnmafer (^  e few selected ebaraotera £ro» ooe apeeJ^ to 
anotlMDp }3f eroaaSng, t&ds: croasing or aaloeting s»greganta tv<m 
^Z» ' s ^ Iftter geaaratioia of » lartielly fortile 
iaterapeeifie iijilxrida* 
(b) ^mtluiBia of ftUopolyploida trom seleeted epeelea* 
Altliougb tile flbaUelea aaaMimtvA with tJiase mpjemehtm appmir to 
be diff iealt but tbay are not uaaEtrMantable* 
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QytTj ''.'!••• 1909# J.Mec I5®t?6iel5 c»ir^y^!3it 21. Cteleyas^cn PK'esss /.Oidco. 
^hrm^orfcPf ?• 1980. GsoerrddcPl en3 esst^ oglcffil finptats o£ Intra-
iiwiai.ii»i-^rMwpa*>i>aN<(»»«< i»^i[iii Krmai, r , , H«bfft«p fBd t!. Bwu^, 1968. CaEP(ascso»® 
337-5S3. 
Pawai, H.r, ami Ucntl, 3 . " . 1970. i l t r s Btraetana otocr*vflttlca w the jhl«ro|iL«»t8 0- tisBell plBi:tR «Atht.^  liii'«ct«d i d ^ 'M.£S&*mt 
flnuTM or 8-*fldixo 1,2,4 - triasole. ?t«to^a«ae, JSQi 153-16$. 
Fujite, ^. 1951, 5?aiijtm«ital «tuH«is o™' «srsr^tl«a d i e (in ^«prin«g«). 
Th# Ogum r(irftt«KTlai@8 Inc. ^ P , 9i>, pp. f|^w^ <4 C©., l.t'1., 
n 
• - 19S0, Fiutat^K in the rdtttJR K^jtb* l U . (lit «Tapsnf i^0, Koryo 
A£i 41-42. 
u 
« 
Omoj»U» lU^. 1©54« Clicsalcra coapcaitlaj of Qdatm isagfcgg.. Gong. 
fit 871-roa. 
Cosv^ ?Qj M«I« eaa fifccicroxa, ?*!• 1959» .'EPlydc C* t:3e t^ 'JcOti@a oils 
Grot* V» lOQSo ?Iio o?icio of c3Qp(fe«?tacjj;. Cc3.t?TMc Cslv. l^f^^c. -t^' HciC 
ft^ sae CSi^H, *zit2*. CEtar, i^ ;© t9-3.ie, 
cs:i^ c?i3Ci'5. CftKtijs^ilj lIS'J*ill€0. 
GucjjtJies?, r . 1949. 1^ © t3S0:ti.''t cilf? Vole?, '^o'^cn Ccctrr'ia Co* teo. 
ie3«n«^« 
G!^Oe a.G. f .'5 ViE-siPrJithRKj.i. 1933. A felicapt r.cfce cats «Btltaber<:nil0a® 
Ct!pta» 0, ^ a l , 1971« Itsfctotodtlo ©f^reic^ tnil ( M s m M.l41l£lJ:) 4» 
Han*, KJj,, Choia», I.C», &aa ^btlfC«S. 1^7. trm^'^o tilmt r©*cir*ct'«» 
Hef«i<l«hl» ^.^^ end Mttsriiiy» H.J. 161^. 0!i«ar«ii in »mot«t?p«B€ aOHipcaitlffla 
S.I 159-195. 
Hmaxilciif, M. »tti \?an Oa, B'.H.L. 197g. fhshere-Jity of the tas^itiel d l 
aomnosltlon JjR Bxtiflrli-l Ji5rbri.ia b«tw'«fej: M t^!iC IH^HJ^l^li* snS 
^* Ti end foils . :i^f.,t« '^M-ncs, ^li 't^-4?g. ""^  
H|^ 3lngji, lianjfl, lC,i, sni Xap(K)r, .4,J, 1S5S. Qaiaphor *a«t5il raise! In 
JTenuBfU sn i 1f«?hHlr« Intf-r: J, ""'-sjm* IX- 87-88, 
2 1 ; 
,,.,,,,...,,,._„ l e a ) . Ijsdts Egtfmsi© aaq5|t^«jt Eo. VJI. a«l» jidOB Par«s8» LociiloE* 
19%« £G:3C^ K«va3siB sc^pL^dot Ho* £K. CslsroidGO Bres3> hcajdxm* 
l>QQdlC33* 
2ee3. Snaei E0t:®nic foJ» 2 me Ho Cr-lnrcaara !^c^r:,7.ca2cr.. 
X a ^ t S^Jl!}* I&PJl^s l ^ i S ^ ' . : ^ : ^ ! ! ^ ^ ea1iiJg.e^.« "i'C'^ -i» 
Leo, . , C lite. 2i;>i ffi©. SUt>:,'o 19f„T, ::*a\, /.!r,tr, 31J ICCCS::.*. 
1 9 ^ . 
•ft 
aii«h«'.^ «fc8lasya, A',X. 193©. *^po«l t ia i cf t!ia e8i:«otiPl «3ll of li^lwid 
» 
Krw«r», H,' , 19S?», J , Hliil,Uhi*«» SQ* 21-34. 
« 
£• gyttgitoCK ^ c^ iM(Ar.r tr#»tr r;t. Ctentnfc, i?---lta. ("^Jrl.) 
/ ^ d . Bed. UHSn. ?2» 84«87, 
Let«Ot '•# J^wdi*» K, iir»1 Sm6bwegt K'\ 1964, KoamcIi«ttifc ^ev amtvo-
«low«djng iil«nt». Taxon . ^ 9 W I S . 
I>ooal«« V«iJ, 1967. Bioagmth«r^9 r«] m0t»t»lls.r w w^i^avpmmim Xn Texv 
pieoiia in pl*«it«. J#^,i'xiati»» (»3t«)t *^ <3e1«d.a fress, London, 
22 
loik9t£Lo» 0. en I Offiwl^ I960. QsSSSM ^iriLlloqa es • o ^ tmt p\mt 
Coe Iwsmsxm mcaai^ idrus x^» \ sosat. otii^r j^le^t 'virusts* anil'* 
£^g« FKtol. V«g. X^ I03-3CI* Illu9 19S0. ul<&«/b«tr« H^ SaiB* 
» • 
t.ofis^o» 0« 1968* ObsorvKtiCHQ m <?<j^ffiyff tjftadllqM m c. t®8t i^^ imt fc£> 
.iMti** i2» 37398. 
til® apeaies ffijg^ .fi^ ullq.figgi.;» m l ^ n | | ^ . Hftr<^it^ 2 ' a^«Se^« 
Hsstiiie© ct. «a. a984» -!"• poa^taeerel Ivt^ci^of^o fesfec? to abElmda 
@® 
n«£2?aj P.O. c^ <3 i'tB^j G.S* HSI. GtsSe® ©2 tl2®m2il0i'o|l([35tof» %&^ 
Dc^tjtscaoclc^ etaoy cT t::jo so gaic-3 _Qc|gt@ liaJ3^ ia.csg? li^idl. 
,_, asd {a.ii» L.i ; . a e i ^ . c^o3.orv <^ ::««t :i3a2,Ef7f>ij ?,GM.©tB©» 
M13^^* T. et a l . :i9BE.. S* t^&* Ch^. Coc. M* i^ C^«"^ 4. 
Hia^^^f T^. «tt ea« 19B2. ^. f&2 .^ @li@. Coo. M' 331«9Bd. 
Hizov» i»«T. 1948* /SB. ^«v. Oiedi. ifs 531-340. 
Mll^y K. itnl :Jiittft« !«'• 1997. £0 XOIiU ctrcisoaose mieber rir^Ofts Mil* 
AH 
«0Kt69, ^ .L . 1998* th« cia»p!ior te dan ba^a, M i a M i^a»B,-yp<i^ <n;^ t^^  
Oh«i. A^atr. j ^ lS8S9«a. 
•^rtoa, J«K» 1982. qrtetuxORCBda st-ailii on t^© t-legt **J:S'leRn L«Miita«» 
Hitl^os, I.G.. Roib <J«t. 1980* xoiimtlc plimts (^ Ctlbft X. l a s t . OoPbano. 
ZnVvgt. «o* ^ Tfpp. 
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kiito&eit cftrvcBejp acd meQthme io Mmtfm c i^i ;^ L. ^» im(^ Pimm* 
29tK^« fh«g€C^lo Imsie of the cQKi7®>sdLG& oT isflKtimie t» 
BflDtll^ io sTapacese d ie t , 6<si€ftic« ilSt? 9SS«®:B$« 
X96Db» % o gdae^o tnslc i«oi? t!ic tidrO kistm© crocp i c 
lj<3tlia eidi^ta l.> Qeu^ics 42iJZj.» 0I^--^n7. 
taiil LitioclB, i^«2. 1978. Oil ccs^-sosil'OD ©- i ] . g^s|g-tlqa. 
«, ^ «a., 167S. Cai c3Cii5|>ogitica of Hg^tlr^ fiSffit^Mflfi H^^JS^aSiS* 
P, l!(7teEld3 iu rc^.aMcn to t!3o OBif^o of 0, pij^Sfits* Oim. ^ , 
CiD{2?y. C t^<^« Jl^s as-SO» 
GadteR^t StTi. ^ 3 iiadiDBttsi, .'«K. 195^, In:2ira Hat«rie Heiic?- Vcl» !• 
gftg«poJ«m9 S, eaJ CaBS!»nuer« K"^* 197S. r n@ir lo^t l lesico hc^ £ov 
tobscss i3fflas4o ^stois. lBdi«m Rgrtcpsth, Jtl» SI2.-3#S. 
i i ^ k f U«0. fmil GtihRf P«0« 1 ^ 3 . %3flRtl&l o i l fcos OfAwiaf |dl^atai^» 
ifql^llctat Gaorke. S, In%Bn 6hds» Boo* M^ 11^«416* 
IJda^f •'•*'• BSC. Bioasyatli^o pBtixs»;»'«: c.' ii3rta>«tlo oospoim^s* l a Am. 
|}l&lXt SXtll^Cts SCV aB^UTOBlgPl |)tH}pl}3?tleB« 
• • 
flii?ui, M«0«, d[»»ia, K«L. sn^ Qupta, C«li. 196A. Ofarowi'togrftphifi eipadnction 
or 0<|A«w UU««n3»chagl9fQB .^ Chiii. 'I>ttr« ^ 523|;* 19e§« 
FftxTjr* t.jr. 19a5, ftM^cy's crc3.op««rllt «? p^^nge^r ^ -St k Chucahil, T^onlon. 
Hnia i r , V, «n i H(m«r« V« X9S9. Klnnt «1aixttm^ or ft£R!iiitggR» th« 19snth 
m^omx balluciiiogsDia ^dnk. Lloydift Sijt |^ .S14* 
himixm* 
(!j L h-
^ ied7« lo " l^oii© of Malay P«jlcsala»» Seew ^ Oo«, Gpi^t Bafltau 
« 
basil •* e iK>t€fit3.c^  ^tsroc of licfilool So 2Q:^Q* TesCt^ a* 
Soaedi* | ^ 1S1-(198« 
aay» ?,I.^ * ena C3>l9ald» 19S7. ^ U ^ Q S OH <&ssiBe^ & £1. E^eUmaiiip e^fSEig 
tile ps^tMi^^e spedltm* ^ t r . J* Bet* ^ S87«dM» 
Bil^dpE, ti43. 19S4* 0£mraot«ri26ticm e s s ^ i # l oils* Hi^tha g^ms Gdls* 
J , /ra% Phatsi, fssoo. 8-cd. '^•^•Jls ^C-418. "~**"** 
^ l i ^ * .^  l4<?g«BiJfcio «iri?anecr.sBt c^ sslct S:H531C^» ^« ifecP* 
Pherx* /-SK30. {Id. Bl. ^ 88?-359« 
Btodl€7» n«S, 1957. fb®nops cT the T-May P«lBsale II • (^KOpd^.*©. (l^:riat)t ?j« 3«tw « Go»» OcjRt *j2?itcaa» 
J > ^ , ^.G, 633 EjEddhcsn» iJ» leSS. ObaepwsUaa on the anUf ^?«lliV 
psopeE^ cf miSi^ basil (Od^ anjga ^o1jt^> lodimi S ^ , GS. 
Salinbax::* M* 19S3* Xides S«si'dQGi£} ^^ppl^iacEt H!» Ssii7* IVfeS^ t Os^c^* 
C^ bui» ^ . 1 8 ^ . 9qiigoia 0HefW« Eoexy b&all* (^i t ls bot. Mag, So* S4S^. 
S)«Lt* ^•!«}{• 195^. ^ 0 tdog«t«dl® of t«pn«iis« Za /^ an. Bcnr, Haxx& Ftr» 
•lotlog:/, Vol, XV, ^aaasa He^wZac, Qtnafordl » IT*S, • 
19S8. 7h« lover t«rp«i^, Za »!liaorfllo*)eli& of Etaat 
PhyAtiogy". V«a, X, «a i t^ tgr ' \ ^itfileai, Sprlnf«»«V«rXa«, ^«tltn, 
» • 
^%t«Klr«v, ^.P, 1996, G^Msieia (sh«&g«t in the ooaposl^on of th« MsmtHa 
oils of )q l^>zi1», Biai, Applied ^ot. a4a«^ios «aa B«Bt bradtliif 
(USSR) , S«r. X U , , l&t 849-878. 
SttiKLKthB* M, 1961, Stnteturc ani oatog«y wf ^^mesaix app«id»gt» OR tha 
flor«l orflBna of OgJaiw M a i l t ^ L, Qttrr. Sol, JOi 471-472, 
Sobtli '^ •*« 1978, Origla of UMyg ytpfrltt^I,. Ija riSlatlOR to ptppetalat 
oi ls (la prass), 
„«.• RsiOrst Ktaa sni FashpKiesctiiif P, 197S. £%rtogm«itl ml aftu-ttes f« 
tlia fftfitts IMjBBl Z« Ohreaosoas ai»b«rs of aoae sp«olt« of iZillOlft 
sad the origin of aerth Iail«tt OoJaw SUJ^gfiwn (in pr«8W .^ 
tl T 22. 
Sofoiiore, F . M* B. /USaldf Haloolay S«&. end Hofer, &• 1969. tn invm» 
tlgatlOD of OoliBaa firatla^nm as t2««(3 In i igetl«n c a t l w 
Stdbtdnsf G*L» 1947« Types <^ PcOyplolds. Their olassllioatiOD and 
iignlfioanoc. Adw, Geneit* i« ^^08-439. 
. . 1990. farlet loa and ©TOlotioa in ^eotscj. OoatraM® Ux&v* 
Press* £! ew Zork. 
1097» a ^ e e«!gU.ll0atitca ead popalcji^aa tjasioteill% l a 
fcfls^cr pleat o» i!ac7. Batsis'. ©Ji 337-.S34. 
1998. The invl&t&lit^* v^kaess snU est^rillV of Itstes*-
spetdfle I n s i d e . Ad^ano* Qm^* £t 147 .^3 . 
1 9 5 ^ . ^ e zc leof t ^ r i d i ^ t i c n io e^)ctlutlai« Proo* r^cr. 
PMl. Coo. lOat 3S1 .^1 . 
.„..«„ 1959b. ID Vietes of Doteq7>U,E, TUETU ( d . ) » JS9-S90, 
LoadOQ. 
1936. Ohrcoo^QBl vt^flaticn cud c^c^utioi. Sclcso% 
M a * 1438-1459. 
» J . 1933. InvsitiGiatica ca th@ ipesticn of seed prodtaotlOQ fzt^ 
tixe SBUBll l€ia^s grem b a ^ l Odgnm t«.fiiXlom Plsar!^sd% ^% 
98«5S. S i d . /.bstr. M* 1^13* 1938. 
Thoaibr% I^V* 1988. Eff @3t of etztqcKilypldl(^ cm cai^(tt> yield of ^fiteii 
Mllaandadbailotpa.Poonft L^U <klD., Ma«, a ^ 18-SO. 
tronohfift, 4 . 1931. The ^t&st of glbbfirAUc t r ^ t s o i t cm plemts of 
l.atd3j.ijB ^t^TOB. Myr^n^allg and Oq^iM|aJaaalUoaia. Bijll. Sbo« 
Hist. Nat. Ooubs. SSi* 8 5 ^ 3 . Blca. Abatr. ^ 1934. 
Tagrler, 0. 1959. Index EMmaelQ. di^plment H I . CaLarmdcm PrcsSf 
Ckfordf LcndOD. 
... . , 1988, Indaoc K«M«x8l3. Sunjifllimt XII. CalarmdOQ Prets, 
Oxford) Ltmdon. 
• • 
TurovslBB, gt a l . 19S9. Iav«atlgttic»2 on eartain thgrap«ntd(^ sp&oing 
jfLmts froa th« faMly Lablata® I . Oolaqm. Biol, ilbatr. ^ 
48B43, 1989. 
VaaraoA, / • 1947. Some dxromoacme maib^s In the gtfiara Ai)tg<dl0. 0 
^ ^ TtenwiB. reii. Soo. 2QOI» Bot. ?«in. Vanaoo ^ 5S-59. 
22-i 
bttw^^ Prissrose eci ChoOip (J^ eiaroOlft maX(»t^B BnJs* end 
V(mk»te Usxassr* i^ * 1S91* / not® m the Ttt>1aat£t» oi? csap^r ivm p ^ y ^ 
.lttliii6ii.a,80hftiAcmf}> iiica. /"Itstr. ^ J 77047, 1631. 
« 
tjagDesNjcoff^ i^ T« 19S3. /jm» Che* Jui«tos ?»ieMy3 (/BTI*) J ^ ' ^-3^8« 
t ' i lJlc, ^ .0 . 1§3Q, A (f^oticiiessr of O-overing ploatn ana ^^sis. (a«rids^ 
** Bmm euly ttt« abttrftot. 
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A P F E I O IX 
A glMMiT of toM tf tht t«iM nm6 In ^w t«El« 
AitfCliet 
(b) 
( « ) 
Adlnaotti 
A|<nritphtT»lci 
A2JLOtt^ ufouL02u§ 
AJLiMOFistesics 
AMKploMtl 
A«%|]Ni«ltrS«li 
AstttvlMarcttXfliuit 
Sob oMwrlag la igrolM} aot eli»Mit«rla«d 1^ a M 1 £ -
Uait«d «oiirst« 
& •JitfistxT'i dtaollag aigsnto eai^ psnaAt «itb «a qpns* 
la botUQTf aot trtarlm* 
S<—thf«g ftdd^ to wotter tM:i% tat Q0% osamtlaU^ a 
part of it* 
& dafiotifa r t i ^ agaiast poi0«B« YWSB or Intaetioa* 
Hiyli^ tte nrojprtlaa «C botfa aliplaEtio (opoa-eliaia) 
and igraXia ( O I O M ^ ateia) eoapanadto* 
Polyi^oiS aall or lafli-fMaai vitb iMBbOBOlflgOQa gimmme (CQanMBtic l^ Ole aadi Biamstt I94UI)« 
blotto aJvoaofoaa patrlag «£ aoai^ latalar or pirtiaUy 
iioBOlogoii* elmmmmm* 
&& aU^poljn^oM fofolttag £roB tlit doid l^iag of etvaaoiflaaa 
of tte iBtarHipaaifio ivbrid (SlaaMB^aOle tfiA Safigr*ISi8} • 
Giiaa or ladiTldaalJ l»Tlag oaOf tao or a £a» olroaoiOBia 
Boro or lass ttsta tli» ^&aio mndMr «f tfat oi^lai ia q:ii«itiaB« 
OoaA to daalgaata tiit dafelaooaaa of aatlmr and alM^Jag of 
poULoa* 
kv ogoBt ailalaiatarad to prtfaat or oooaUraat tlia aatioa 
of poiaoB* 
iravMtSag tiMi groatli of baotarla or daa^ rflgrlag baotaria 
(a) BallafSag or sraamtiag amaaa aad voaStSag* 
(b) Aajr agoat oapiikla of mob aotion* 
Aatlvt agaiaot tdMroaloiis* A vtmif UMd Sa tbo 
trwitawt of taimrottXoaio* 
A lobatanaa wbUh •oppraait dalaja or aaUlf iaa blood 
aoogttlatloi. 
22 b 
^tipsirlodisi (ft) 
(b) 
(b) 
iistl0ir«tles (a) 
ijsMm'^Mz in) 
IXtMtivtt agftinsb perigdllA distuMs as SstimltWHt 
to aatipariodid ^tat* 
A drag or tgn!fe ttat r^lUffmi iUMag* 
Catazvlis 
iktmpt 
Caimt«r«>lnrlt«»t t 
22MIIMftt«t 
Ottlantdt 
Oli^ iikilt^  ^ pr«nms%i]^  d««^ fl@^ pB;^ a^et&0Q» 
ikiqr OM olt a IUSE^ gvaap of o^mio and Ino f^tmio 
e^ i^ i^ iiMa ii^oii gt<qpfi or laMbitu tl» gracitl^  of 
tlx9 pft^ iii@ Of £ffiMl«goits eismsoMs derived fr«> op^ s^^ tc 
Ganplii^ tBg its l ife vitMn ^lo r^msra* 
fiiflfiHi^tioii o£ t ^ woas aoi^rsss ^ tlie E^><siistslai 
tab«8* 
Bsctim tl» gMKsr to mU«f9 fl«toi«n«> «3xi^> eolid. (kmimtiwti «f icaevnUy aorWAties* 
liaflMnvttiaD of « aicui MiAtniM, MpocJ^lly of tte 
foaplntoKy tsrast, aseoviMyil^ ^ vcooMiiv* MtrttioMi* 
& ktad of agiwt mmo% uwad im mm%p f iiit «to* 
MkM UfttlMtr* 
Jta i««at iriileb irodaoos «a IsX laimitiaa of the alelii 
fcv tbt Mliof <tf a •«(« dMp Mat^ twflawiati.qtt« 
A liquid profamtlat dbtalai^ 1^ ^oillj% w«a:iol«al |d4aitt la «at«r« 
2ia pain, altaxaataly «vo»sJ«£ at rJglit angloa* 
Boat «r taxn«l gteaiitljr dantiMxd. 
2 2 7 
OmtlMRti («) 3oaitMaK, ftUnyliig Sxvitatisa c€ snxfaM wpM^aajf 
«C ttm Muanr aniarsnM* 
(b) A •9ctkbixm tstat* 
P£axif&s«t A emsjm sgfi^^ ^ ^yrti*9»lift«gtlim3. dSststt] 
«lsam«^€7l8«d ^ $sismme& tv94?^micf aoS m9r« or leas 
f lal i emsistoflt^ ^ the sto^j* asi^  Ito diui to mHms 
mam^ ^rsn f^ s^ l^  ^ ««^ i? to ^^^^iofcaio fnetoi^* 
D;to«t£fit («) Sie]^«9ii^ tile 7a3ia» s^ vstim* 
It COiiS^ * 
£iE:,»etaKiati & tmmCf thi% i^^&^i^m ®? ^tsfif l«g «xjHWrtamti«»tfi® 
f i£d£ « fiflBlfl^xM mttar ivm tte Is&iga ami al^ 
O^te lCt BnTtlu:^!]^ t o St£H#filU 
(««Mto««»piiiali Ow i^liasag to gsiMtaa. sm we^sj oviRit** 
4tX3it«iiiai«il«i A m&tltmm wlMk ixdwma teUseSaatiMi m it^pcNat 
Msuiosy 4n^ piirit)t<3o «^  aoiwtMais ttet dlott n^ «xl«t 
oiitsi£t« tilt itiii^ * 
Mip«U«t (a) i»flrtttSiil»g ta ti^ !£«»• (b) A topKtis Mdl«la«« 
liit«rMgr«U«t M «itiaistxyt ]^ irt»iaii>g to t!lfliiaii3;«y atoMi la a ring 
•txttotiqni. 
i^mpt A upwHedte «antf»«tlsia of tte dlnptevgiR ««iai«g 
iuplmtloa f OUOIMNS }3f it vftddm olOMffo of tt» glottit* 
Hwaolagoiitt A ^ i « l to p«Hlally lmoli«ott« ^OvmiwwB U 
alTjoMnt 
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%pcrtaiiei 
t«tSMSS 
ilieilagiaaagi 
fllBXMieollOtiMI 
A wm&USm trM«h out toisis doim tl» gSneoit l«f»a. 
UKVim & MglMr tHMS^ io prtarar« ttetn a flaM* 
%riag a elirae^Q^ aoiiber a littlA IMBB than tiie 
d? aU Xtvi^ tMJ^ e^rpoiad ^ a &9ordiaat«d tmxstim 
a£ 3 «if»ntial. faet^ sera knmm m *9t^htP, '^iPttW aiidFIapte** 
'13K9^  £<?• :mH to ba tim eoiplaie oC ptti^saaia l^atora la 
tha boaj, ii»d |Kif Stan mSL d^batim ara eonaS^ npad to l>a 
tin aisidax pttlioifalio fastogin af tte aiadl* Gimlia 
d«aeribss *T9^tm* m a iieaiiy* asliSt »c£%$ iia«toina» aHoa^  
iobtla and vljMld} i t Is qulatad \xy anibataa^* of tim 
a:^ta4miitie qmlitli». 
%CiCt}* h 9olmatlm9, bSg^ togdc gat* 
A etU j^ q^ olatJuR wbaM eaqponcat Mlla diffar la tiialv 
ateoKMoaa aoiitejPt* 
SUagr, eoa|i9«K2 af ineiliga» 
t^rsidtlt^ far asra t!iaa tiio oj? ttana yesra. 
Ba«k8 vitb tin aaUtatlaa af ^amOat and aatbads for tlw 
frajMor&tioa af drugs» agpttfally a botiac ef aaoh fonMOaa 
i« r«efl«aiMd M a i^ aadaxd as the Ihlttd Statak or tbt 
Sritiah Plmraasiqpoalaf• 
Aalaat t»f Mr9»tie orgaaia aaaponiida la whlofc ooa « aora 
Mrormor grmp§ urn attaahad diractly to tte baaaana r1«^i 
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BSQst 
l^ otazulratiet 
Eteontlms 
M»[ifa6£#s6c C§ 
TamltttKtitt 
•ent«, flnldt aild, iiidl>U» asd iniig«itt i t i t vwAily (|iiiittdi fesf wibstanota of tte fliitiicaaii^ie qpaiititt* 
Imgi 01^ liniag tte vsUs ^ t ^ tlioi^tit «acflt3r* 
l^ i^ U«!i iMilur «9lls, 
S^unaa daMMiog t^o^e tl^ sti^Bas az« rMaif&iva* 
A ff»»frH:. 'terra '.Mi©*.t^ fiAsmi^ s2 aEuwlt, tgitfim, 
An «g#tt tcttt (tmmm g i^mJuitiaet. 
B«f«r t*^  t ^ 4 «t' 1.1^  adf^e at t}?j attl of atticisis 
In poUjm mstk&s etXS^* 
QmpiJiib$s^l i t s U£m ey&js %tithS^ ttgtm ymaenm 
Carakit &9mt^^t9» "fatJia* a» a ^ » eala, lleMy 
aol^ tXa, cmsttl^ I^ t elmae eM vougJi flnixl* Xfe ia 
q|ei«tadl Ijgr gnlMSl^ vseies aC tte a^agmistla qtialitias* 
Mff agant t ^ t aspala iBtaftSaal tisma* 
%iiiols Head la t ^ taoct wibila daacrUbSag aaiofeie aloraMaa^ M 
IiaSaflagytQ yafar naimlaiittt l>ifal«ata» trtvftlanta and 
tatviKvalanta s«.'«pi«ti'valgr« 
